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A recent photograph of ten vertical waterwheel 
a-c generators installed at the Bonneville Dam on 
the Columbia River, and all of the same manufac- 
ture. One of the tests to which electric machinery 
is subjected, to assure safe and reliable perform- 
ance, is the high-potential test. To apply the ASA 
high-potential test to a large a-c generator may 
require as much as 1000 kva. Means of determin- 
ing the charging current and kva requirements for 
testing the armature windings of large synchro- 
nous machines are detailed in the articleon page 26. 
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Micrographs at 800 magnification show grain 
structure and the thickness of insulation on 
ARMCO Thin-Gage, .002 inches (top left) and 
ARMCO Tran-Cor 52, .014 inches (right). 


For applications involving changes in magnetic flux equiv- 
alent to frequencies as high as 1,000,000 cycles a second, 
Armco Thin-Gage Electrical Steel, Cartite Insulated, 
has five definite advantages: 

1. It is supplied in coils suitable for high-speed punch- 
ing operations or for winding into cores. 


2. Skin-effect will not become appreciable up to quite 
high frequencies because it is obtainable in thicknesses as 

light as 1 or 2 mils. ee 

3. The stacking factor is high considering the gage and 

the insulation on both sides. Four hundred sheets of .002- 

inch insulated steel make a stack only | inch high. 

4. The hysteresis is unusually low for such thin steel — 

an important factor in keeping the total loss to the rea- 
sonable values shown in the chart. 

5. CaruiTE Insulation, formed by a new surface treat- 
ment developed by Armco, effectively insulates each lam- 
ination and assures minimum interlamination loss. e 
Write us for further information pertaining to your spe- 
cific equipment. Just address The American Rolling Mill 
Company, 290 Curtis Street, Middletown, Ohio. 
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because Mom wants to bake a cake 
on why she shouldn’t hear her 
pet soap opera. And sooner or later 
she’s bound to find out that some 
mixers don’t cause radio interference. 
Mixers equipped with C-D Capacitors, 


for example. 


Just 
is no reas 


C-D’s experience in designing and 
building noise suppressors is unequalled 
in the capacitor industry. We are now 
manufacturing hundreds of types of 
noise filters for electrical appliances 
and equipment. It’s possible, of course, 
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hermetically sealed. 
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—-GAPACITORS #1 AND 2 

Two of the Type MC Filter Cupacitors designed for heavy 
duty service on buses, trucks, ste. for spark and NGise SuUp- 
pression, Mechanically rugge¢, vil filled and impregnated enc 


noise problem is not included. In that 
case, our engineers are ready and 
anxious to design and build the sup- 
pressor best suited to your specific 
requirements—better, faster, more eco- 
nomically. Consult with them. 


Catalog of standard types will be 
mailed on request. Cornell-Dubilier 
Electric Corporation, Dept. L7, South 
Plainfield, New Jersey. Other large 
plants in New Bedford, Brookline and 
Worcester, Mass., and Providence, R, I. 
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CAPACITOR #3 


EY yose filter effectively controls radio noise energy 
created yppayorescent lamps. This capacitive — inductive type 


ict and can be quickly installed in a variety of 
venient leads simplify installation, 
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High Electrical and Thermal 

Conductivity . . . High Fatigue Strength . . 
High Elasticity . . . High Proportional Limit 
..»High Annealing Temperature . . . 
High Ductility. . . Resistance to Drift 


WHEN YOU WANT 


MALLORY 100 METAL is the alloy for you 


_ An especially developed age-hardening copper base alloy, Mallory 100 Metal has _ 
proved its exceptional qualities in many types of electrical equipment—current- 
carrying bearings, springs and reeds, resistance welding electrodes, high strength 
castings. lhat’s why the National Cash Register Company specified it for the speed 
regulator illustrated above—a device used in conjunction with its Class 2000 
Accounting Machines and Class 600 Cash Registers. 


‘reports: “Mallory 100 was especially useful 
to us since its unusual combiuation of heat resistance, high electrical conductivity, 
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wear resistance and strengtft Met our requirements exactly 


re 


it deal to offer over Ordinary copper base alloys. But it 


Mallory for special needs. Would 
Everything you want to know about you like to know whagithese metals will do for you: Send for the booklet illustrated 


Re 


ua ae Dace oe Loy eae at the left. It will tell you the story completely—and briefly. And it’s free to engi- 
Oo Ss 2 ‘ 9 ¢mLe \ : Be) 
Mallory D NEE I. Aad pias neers writing on company letterhead. y 


metals developed during many years 
of intensive research, 


*Reg. U.S. Pat. Off. 
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FOR RIDING OUT THE FLOOD 

This big Kaper-mill motor is designed to “end seasonal inun- 

dation by Water from a swolien river, At$" |. 5 2s the ventilating 

ports are sealed, compressed air connecti -» made, and the 

ma chit: 3 left, but not fe seak, while the ' re IN progress. 
re | (See Subme _ tors,” page 51) 
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N DECEMBER 2, 1942, in a war laboratory 
at the University of Chicago, was accom- 
plished the first daring demonstration of an 

atomic chain. reaction, releasing atomic power in an 

amount limited only by the controlling hand of the 
operator. I was fortunate to be a witness of the historic 
event. Let me tell you how it happened. 

A year earlier, just before the Pearl Harbor episode, 
President Roosevelt had asked the American scientists 
to put all possible effort into finding whether an atomic 
bomb would be practically feasible and to develop 
plans whereby it might be made. The Germans had been 
actively working on this problem. The British and 
American experts were agreed both as to its theoretical 
possibility and as to its great military significance. It 
remained to see whether the necessary scientific and 
industrial problems could be solved. in time to give 
results in this war, and before similar weapons were 
preduced by the enemy. 

During the year that had intervened, preliminary 
experiments had shown how a chain reactor should be 
built. Pure uranium metal had been obtained in tons 
Be where a year before only a few grams were available. 
at Methods had been developed for starting, controlling, 
and stopping the reaction, and for measuring its rate of 
production of power. For years it hadgSéSnagenerally 
sumed that producing the first atorfic chain reaction 
Ould be an extremely hazardous gkperiment, with a 
_ good chance of producing either anéatomic explosig or 
_ developing ionizing rays of lethal intensity. Our ex- 
ez perimenters were convinced that the experiment could 
oe be done safely, and the pres@ ire of time prevented set- 
Sesto in a remote locat! i 


Ready for the Demonst!®* re 

On the morning Jf Detember second a reviewing 
committee of emir “,. engineers came to our labora- 
tory. They had.woeen charged with recommending 
to our War Department whether actual Ae eemiction 
of atomic bombs should be undertaken, having in 
mind the Million man-years of effort that the task 
would require. Two weeks eaclier their provisional 
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| sHE BIRTH OF ATOMIC ENERGY 


ITS HUMAN MEANING 


By Dr. ARTHUR H. COMPTON 


Chancellor of Washington University 
St. Louis, Missouri 


» The Twentieth Steinmetz Memorial Lecture 


report had been negative. Today was their last visit 
to the Chicago Laboratory to see whether in their 
final report they could recommend proceeding with the 
project with the full resources of the nation. 


The reviewing committee met me in the conference 
room. ‘‘Where is Fermi?” they asked. Enrico Ferm1, the 
great Italian nuclear physicist, was directing the con- 
struction of the experimental atomic reactor. “I am 
sorry,’ I replied, ‘‘Fermi is engaged in his laboratory 
and has asked to be excused. Perhaps I can answer your 
questions.’’ After an hour or two of discussion the tele- 
phone rang. It was word from the research team. “We 
are ready to try the critical experiment.”’ 


I took with me the youngest member of the review- 
ing committee and walked over to the laboratory. We 
entered the balcony at one end of the room. On the bal- 
cony a dozen scientists were watching tensely the in- 
struments and handling the controls. Across the room 
was the large cubical pile of graphite. and uranium 
blocks in which we hoped the atomic chain reaction 
would develop. Inserted into openings in this pile of 
blocks were the control and safety rods. When inside 
the pile, these rods absorbed so many neutrons that 
the chain reaction could not start. Just beyond the 
reactor, standing on a platform overlooking the pile, 
was the ‘“‘suicide squad.’”’ These men were armed with 
equipment to destroy the pile and thus stop the chain 
reaction if all went wrong. A hundred feet away, behind 
two concrete walls; was a third group of men who 
followed the experiments with remote instruments, and 
who could set off the electrical mechanism for throw- 


ing in the safety rods in case the reaction became 


too violent. 

3 

Witnessing a Miracle 

'+ After a few preliminary tests, Fermi gave the order 
. “Sithdraw the control rod another foot. We all knew 
this vy ws the real test. The Geiger counters registering 
the cutrons from the reactor began to click faster 
and ter, until their sound became a rattle. Now the 
galv aometer pointer, indicating the current in the 
ioni xtion chambers, began to move, at first slowly, 
the faster and still faster. The reaction grew until there 
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might be danger from the rays coming from the pile. 
eANarow im tue satety tods, ’ 
diately the pointer moved back toward zero. The rattle 
of the counters fell to a slow series of clicks. 


For the first time, atomic power had been released, — 


controlled, and stopped. It was only half a watt—in- 
finitesimal in comparison with the atomic power that 
in the State of Washington has now, for nearly three 
years, been heating the streams of water flowing into 
the Columbia River. But it showed that man had the 
boundless energy of atomic fission under his control. 


_ The men in the suicide squad breathed an audible 
sigh of relief. Someone handed Fermi a bottle of Italian 
wine. A little cheer went up. My guest and I returned 
to the reviewing committee. He was pledged to secrecy, 
but the glow on his face told the story. His eyes had 
seen a miracle. I called James Conant at Harvard 
University on the telephone and spoke in our usual 
extemporaneous wartime code: ‘‘The Italian navigator 
has just landed in the new world,’’ I said. ‘“‘Were the 
natives friendly’’’ Conant asked. ‘Everyone landed 
safe and happy,’’ came the reply. 


| The Miracle Is Put to Work 


Nine months later the first atomic reactor designed 
for practical use started its work at Oak Ridge (Ten- 
nessee). It was built to develop heat at the rate of 1000 
kilowatts. First it made plutonium, in quantities large 
enough to handle, the precious element needed to make 
the weapons that would end the war. After another 
year, the three great plutonium-producing reactors in 
the State of Washington went into operation. By now 
some ten or twelve atomic reactors have been put to 
work. They vary in size from those that can conveni- 
ently be placed on a laboratory table to those that re- 
quire a large building to house them. Atomic power 
is now working for man. 


The occasion of this Steinmetz Memorial lecture has 
prompted me to tell this story of the first release of 
atomic power in some detail. Steinmetz was also an 
initiator of first events, in which the laboratory inven- 
tion has now developed into work of great industrial 
significance. Such is the pattern that we may expect 
atomic energy also to follow. Back, however, of these 


inventions lies years of world-wide work in basic 
science, 


Scientific Background of Atomic Power 3 


| As an example, permit me to review briefly the scien 
tific background of atomic power. Perhaps never was 
the making of an important invention shared by so 
Many persons distributed so widely over the world. 
The early work of Becquerel and of the Curies, done ia 
Paris, on the process of radioactivity, was the first that 
showed us the release of atomic energy in nature. 
That the atom has a nucleus in which the energy resides 
_ was first strongly advocated by N agaoka, now for many 

years the Director of the Imperial Institute of Seience 
and Technology at Tokyo. Rutherford’s demonstration 
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came the order. Imme- — 


and study of this nucleus, using as tools the alph 
particles from radium, were classic experiments of a 
English school that developed the subject so greatly, 

: By the discovery of neutrons, destined to play go 
important a role, the suggestive work of Bothe in Ger- 
many and Joliot in France led quickly to Chadwick’, 


_ definitive experiments in England. Fermi in Rome 


learned how these neutrons could be slowed down 
and made to react with the nuclei of various atoms. 
Lawrence in California, with his cyclotron, produced 
the neutrons in abundance, and made many new artif- 
cial species of atoms. Hahn and Strassman, working in 
Nazi Germany, came upon the fission of uranium atoms 
when they captured neutrons. 


That this remarkable splitting of the atom is accom- 
panied by the release of energy many fold greater than 
occurs even in radioactivity was predicted by Lise 
Meitner, and observed almost simultaneously in Den- 
mark and the United States. When to this was added 

the fact, noted at about the same time by Joliot in 
Paris and by Szilard and Zinn in the United States, 
that the fission of a uranium atom results in the emis- 
sion of several neutrons, it became evident to physicists 
everywhere that an atomic chain reaction was possible. 
It only remained to find a way of assembling just the 
right materials to make the reaction occur. 


Joliot and Fermi, among many others, immediately 
initiated work to see whether indeed the neutrons 
emitted by a source could experimentally be increased 
by passing them through matter. Large amounts of 
rare materials had to be produced to make the results 
conclusive. Joliot, Halban, and their collaborators work- 
ing in France obtained encouraging results using uran- 
ium and heavy water. 


German Atomic Progress 


The Germans, seeing in those accomplishments some- 
thing of potentially great military value, worked hard 
on the possibility of separating the active isotope, 
uranium-235 , from itsmore abundant twin, uranium-238. 
They knew "that with enough of this uranium isotope 
a chain reaction could easily be brought about, either 
of the controlled type or of the explosive type charac- 
teristic of the atomic bomb. Finding that this solution 
of the problem would require an industrial effort pro- 


7 


hibitively great for them, they turned to the solution 
suggested by the French 6f producing a chain reaction 
in uranium’ and heavy water. 

Their investigation carried them far enough to con- 
vince them that che chain reaction could be established © 
if enough uranium and heavy water were available, 
and that it’ would not be explosive. They did not 
know, however, that element number 94, plutonium, 
which could thus be produced would be fissionable like 
uranium-23° Accordingly they did not see in the con- 
trolled chain reaction a means of making an atomic 


bomb: Discouraged by the wrecking of their main 


heavy-watet Plant, and no longer seeing any important 
military advantage to be eained in the war then in 


July, 1947 


_ progre 
Dus int 
~ effort to release atomic energy. 


ss by studies of the chain reaction, unknown to 
he United States they stopped their intensive 


Advance in American Atomic Progress 
In the meantime, the American physicists concen- 
trated their major efforts on effecting a chain reaction 


j using the ordinary materials available without carrying 


through the enormous task of isotope separation. Fermi, 
working first at Columbia University, experimented 
with uranium and graphite assemblies. The Chicago 
experimenters, starting with Volney Wilson, followed 
a suggestion of Russian physicists of working with 
uranium and beryllium. 

When in 1940 Seaborg, Kennedy, and Wahl, with the 
aid of the California cyclotron, produced and separated 
the first plutonium, a new possibility for obtaining ma- 
terial for atomic explosives presented itself. Calcula- 
tions made by the British, and independently though 
somewhat later by the Americans, indicated that the 
amount of such material as U-235 or plutonium re- 
quired for making a bomb was less than previously 
supposed. This greatly increased the urgency of making 
the chain reaction go if at all possible. The safety of 


the United Nations might well depend on overcoming — 


the year’s head start of the German experimenters 
and being first with the development of the bomb. 
The story I have told of December 2, 1942, was 
the climax of the first stage of this intensive effort. 
Fermi, along with many other physicists, chemists, 
and engineers, were brought together at Chicago. Other 


laboratories and many industrial organizations shared: 


the effort. Because of the greater abundance of the 
material, graphite was chosen instead of beryllium 
or heavy water as the matrix in which the uranium 
was to be embedded. Careful studies were made of the 
most favorable arrangement of the materials. New 
methods were developed and put into operation for 
producing the uranium and graphite in purest form. 
The result was the first release of atomic power. 


Others have told the rest of the story. Wigner and his 
collaborators designed a powerful chain reactor for 
producing plutonium in quantity. Phe Dupont Com- 
pany worked with the Chicago scientists as they built 
and used this plant in the far nofthwest of our country. 
Other scientists, headed by Lawrence, Urey, and Keith, 
working with the General Wilectric Company and other 


great industrial organizations, built plants in Tennessee 


that produced the needed uranium-235. Oppenheimer 
brought to a remote,mountain in New Mexico the 
greatest group of international master scientists ever 
to work together. There they learned how to make 
bombs from the precious material that had thus been 
gathered. 


Initial Use As Destructive Weapon Justified 

People now ask how men couldsmake themselves 
create and use a weapon so devastatingly effective as 
the atomic bomb. ‘These scientists were lovers of peace. 
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They dreaded destroying human life. Their ardent 
hope was that the product of their work should be used 
for good. They had, however, to choose whether the 
power in their hands should be made available to stop 
the war, or whether more millions should be doomed 
to fight and die upon the field of battle. 

It is easy now to say, aS many in all countries have 
said, that it is unfortunate that the first use of atomic 


energy. was evil. Yes, killing of many men and women 


and children is a terrible evil. Yet not to have used this 
new-found power to stop short the most disastrous 
war of history would have been unpardonable. Human- 
ity’s greatest need was a decisive weapon. We who had 
atomic power in our hands would have been traitors 
to mankind if we had not built. the weapons and used 
them with tempered blows. It is our hope and fervent 
prayer that never again will atomic weapons be used in 
war. 

Now the dreadful chapter of war is over. We look to 
the future. Atomic power, in the four and a half short 
years of its existence, has performed a great human 
service. If the calculations of our army and navy were 
correct, without the atomic bomb and the help of 
Russia the war with Japan would have continued for 
many months. Now, Japan has been started back toward 
reconstruction along the path of freedom. Those who 
were fighting against her have most of their armies 
back home, and their industries are producing the 
things needed to live in peace. What is the next great 
task of this new-born atomic Heracles? 


What the Future Holds for Atomic Development 

Only the most obvious of the future developments 
can now be foreseen. One is reminded of the fact that 
for the first fifty years after Faraday discovered electro- 
magnetic induction, its most important industrial use 
was for making hand-operated magnetos with electrodes 
attached, with which. one could entertain his friends 
in the parlor! After this first fifty years came the 
incandescent lamp, the dynamo, and the building of 
power lines. Now the world depends on the electrical 
industry that is based upon Faraday’s discovery. 
Atomic energy is yet a very young child. From its heri- 
tage we know that it will grow to greatness, but as yet 
‘only its most obvious potentialities can be seen clearly. 


As a Destructive Force 

Let us first consider the military significance of atomic 
weapons. Five atomic bombs have been exploded. 
These tests have shown that the bombs can be used 
tinder a variety of conditions with the same assurance 
as to their effectiveness as any other well-tried weapon. 
Their destructiveness both on land and sea is very 
creat. This destruction is nevertheless, under ordinary 
conditions, limited to a few kilometers from the explo- 
sion. These five bombs were early models. If it should 
prove:necessary, much more destructive types could 
probably be made. In order to see their significance, 
however, we do not need to imagine any further 
development. By making those of the present design 
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in large numbers, the destruction they might produce 
would devastate the cities of any nation. They would 
make useless every harbor. 
Our studies have convinced us that there is no 
way to protect a city against destruction by such 
bombs except to insure that they shall not be used. I 
personally see only two methods by which we can get 
such insurance. The first and most certain is by an 
agreement in which all parties have confidence that no 
bombs will be made. This is what the nations are 
trying to achieve in the discussions now going on in 
the councils of the United Nations. We earnestly hope 
that their efforts will be successful. It is not yet evident, 
however, that such an agreement can be reached. If it 


cannot, the world will presumably fall back on the sec- 


ond and much less attractive method. 


The second method is for each power that relies on 
its own strength for defense to prepare itself with 
atomic bombs and with means of delivering them 
effectively on any possible enemy. To avoid the re- 
proach of the world, no nation would start an atomic 
‘war except in case of extremity; nor can preparation 
with atomic weapons insure victory if war should de- 
velop, for waging a war to a successful conclusion will 
require much more than atomic bombs. Readiness with 
such bombs will cause any possible enemy to hesitate 
long before starting a war, since whether it is victorious 
or not it will be sure to suffer severe destruction. The 
reasons for starting the war will accordingly need to be 
more compelling than those which have brought about 
any of the wars that have occurred during the last cen- 
tury. 

This second method of protection would have the high 
cost associated with all competitive armament, and 
would supply a basis for continued international suspi- 
cion. It is however, I believe, the alternative that will 
be followed if our attempts to reach mutual agreement 
should fail. With all its difficulties of high costs and 
continued suspicions, this method would also have the 
effect of making unlikely the outbreak of war. Before 
many. years have elapsed, the social forces that I shall 
describe later will create conditions in which wars be- 
tween great nations will be almost impossible. Thus we 
can hope for freedom from war for centuries to come. 


You see from this that I am not, like my friend 
Harold Urey, numbered among the “frightened men.”’ 
I believe that the odds favor considerably the view 
that major wars between great powers are already a 
thing of the past. For the present, however, atomic 
weapons form an important part of our insurance 
against the outbreak of a new war. I am confident that 


we have a good fighting chance of establishing a per- 
manent peace. | : 


So much for the negative aspects of atomic energy. 
et us now view its positive aspects. | 


L 


by 


As a Constructive Force 


Foremost among the evident uses of atomic Mercy 
is that of Supplying heat and power. Using ordinary 
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uranium as their source of energy, the plutonium Plants 
in the State of Washington are now heating the Water 
of the Columbia River at a fuel cost not greatly ex_ 
ceeding that of coal. This plant was not planned fo, 
fuel efficiency. The heat is only a by-product of the 
production of plutonium. It would be surprising indeeq 
if similar plants could not be built for using uranium 
at a far lower fuel cost than for a coal-burning boiler of 
standard design. We must remember, however, that the 
size of the reacting unit, including the shield that pro- 
tects from the lethal radiation, cannot be less than 
perhaps 100 tons. Furthermore, these reactors must be 
operated by experts. This means that atomic heating 
units should, for the present, be confined to large in- 
stallations. 


Think of a city, long accustomed to a pall of winter 
smoke, now supplied with atomic heating units that 
would warm its major buildings and perhaps supply 
hot steam to the houses and apartments in the more 
densely populated areas. This would seem to be a real 
possibility. 

Closely similar would be the problem of producing 
electric power. The most straightforward procedure 
would be to use the atomic reactor to heat steam 


to a high temperature, and then use this steam ‘in 


a turbine in the conventional manner. Basing their 
calculations on this experience, engineers consider it 
feasible to develop atomic power plants that will be 
roughly equivalent in cost of operation to standard coal- 
burning plants, and considerably cheaper to operate in 
regions where coal is scarce. 


If these estimates are correct, it is a matter of 
enormous importance. It will make possible the spread- 
ing of industry into regions far from any supply of 
fuel. Electric power can be made available in desert 
areas where water must be conserved. By adding this 
new source of heat and power to the existing supplies 
of coal, petroleum, and water power, vast new possibili- 
ties present themselves. New territories will be opened. 
New areas will be made available for growing popula- 
tion. " ’ . 


How soon will this come? My own estimate is that it 
will be hardly tentyears, if political difficulties do not 
seriously intervene, before in the United States those 
responsible for establishing new power installations 
will, in some cases, Gonsider uranium as a serious 
competitor with coal. It#imay be a generation hence 


before the total uranium*power production will com- 


pare in magnitude with that from coal. 


Of even greater human significance than atomic 
power may be the resylt from. the scientific studies 
made possible by radioactive isotopes of ordinary 
chemical elements. Thus, for example, with the help 
of an atomic reactor a form of cafbon can be made 
that is radioactive. This radioactive carbon can be made 
a part of an organic molecule or of a living organism. 
These molecules or organisms can be detected and their 
motion observed by help of instruments that measure 
ionization. This can be studied the progress of a disease 
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hrough the body, or the structure of a com- 
lecule, or the adherence of lubricating oil to a 
ace. Many different chemical elements can 
be made radioactive. The new possibilities thus opened 
to science are large and are just beginning Gere eee 

The list of possible applications of atomic fission 
could be extended indefinitely. The physicist thinks 
of the possibilities associated with the remarkable 
phenomenon of the diffraction of neutrons by crystals. 
The chemist thinks of making a whole series of chemical 
elements of higher atomic weight than uranium. The 
engineer looks to the forming of new molecules by the 


effect of radiation. 

Fifty years ago it was evident that x-rays were useful 
for ‘‘seeing’’ through objects, such as the human body, 
which are opaque to ordinary light. It could not then be 
predicted that x-rays would become a powerful weapon 
in the fight against cancer. No one could foretell that 
studies with x-rays would reveal the electron and with 
this discovery give us eventually the radio and a host 
of electronic devices. Such unforeseen developments 
are the result of every great discovery. Similarly, it 
would be surprising if the most important consequences 
of the release of atomic energy will be in directions not 
as yet predictable. | 


Trends in the Growth of Society 

The most significant implication of man’s release of 
atomic energy is, to my mind however, the striking 
attention this development calls to certain trends in 
the growth of society. Three of these trends are worthy 
of special note. All of them work toward the establish- 
ment of peace. 


(1). Science and technology are making of society 
a group of specialists, whose strength and survival 
depend upon co-operation. This is the first trend, 
toward increased and more widespread co-ordination 
ofvettort. 


(2). The society based on science demands tech- 
nical knowledge and increased familiarity with hu- 
man relations. That is, we want specialized training 
and humanizing education. This is the second trend, 
toward more adequate education for larger numbers 
of people. | | 


(3). But above all, the sogiety shaped by growing 
science requires formulating: adequate objectives. Only 
as these objectives are understood and accepted as 
worthy of concerted effort can co-operation be 
secured among free people. This is the third trend, 
which is most important of all in the growth of the 


human spirit. It isthe search for a harmonious set of | 


values, ideals, and objectives which will bring order 
into our activities and meaning into our life. 


These trends have been present since she dawn of 
modern science. The birth of the atomic age however 
gives them dramatic emphasis and stimulates their 
more rapid progress. Consider how they are illustrated 
by the atomic-energy program. | 
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Achievement by Co-operative Effort 

We have reviewed briefly the many sources from 
which came the scientific background for releasing 
atomic power. Perhaps never has been achieved more 
extensive and complete co-operation among such widely 
varied groups as in the gigantic task of making the 
atomic bomb. Scientific specialists of a thousand types, 
engineers, managers, labor, skilled mechanics, construc- 
tion crews, secretaries, army and navy, whites and 
negroes, Americans and Europeans, all worked with 


co-ordinated efforts. Many differences arose, but all 


were intent on completing the job. Differences were 
set aside in order to reach the common goal. The need 
for co-operation was evident, and this developed: a 
desire to work in friendly spirit. Enormous strength 
resulted from such a team of co-ordinated specialists. 

The reverse of this picture is that a major means of 
fighting an enemy is to disrupt the co-operation among 
his different groups. The great strength of a society of 
experts with special skills working together becomes 
tragic weakness when one group fails to do its part or 
when barriers prevent various groups from working for 
each other. This means that war in a new sense is 
becoming a crime against humanity, for it stops the 
co-operation that is required to supply human needs, 
and thus causes widespread disaster. Conversely, as 
peoples become increasingly aware of the importance 
of the contributions to their own needs that come from 
other peoples in other lands, the demand to maintain 
and develop such co-operation will create a mighty, 
positive force for peace. 


Toward a Global Society 

Thus a nation can no longer look to a war of conquest 
as a means of improving of its economic position. 
From here on it becomes increasingly clear that a na- 
tion’s economic advantage lies rather in promoting its 
own industrial development as a part of a world-wide 
growth in prosperity. In a world where strength and 
prosperity are closely allied to technical development, 
the welfare of each group depends increasingly on the 
growing welfare of other groups. It is in this sense that 
the concept of ‘‘one world’”’ takes on a real meaning. 

Weare in an active stage of transition from small self- 
contained units toward a global society, all of which is 
closely interrelated. In the field of science, this global 
unity is already an accomplished fact. With regard to © 
commerce and industry, the increasing importance of 
world-wide exchanges are pressing world governments 
to relax the political barriers. It is clear that the in- 
creasingly rapid technological advances are moving 
toward a situation in which world-wide co-ordination 
of effort will become a matter of prime economic im- 
portance. This is the dominant trend of society, the 
end of which can be nothing short of world-wide 
co-operation. When this co-operation is recognized as 
vital, there must come protection against placing in its 
way barriers such as would be caused by war. 

World government that will keep in ordered relation 
the work of the many nations is the inevitable goal 
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toward which the great forces of social evolution are 
rapidly moving. In this integrated world community, 
harmony of activities is necessary and conflicts between 
eroups must be resolved with minimum interference 
with others. Elimination of major international war 
appears thus a sure by-product of the continued growth 
of science. 

With regard to the time schedule of this growth 
toward a world community, one cannot be so sure. We 
have seen the rise of the League of Nations and of the 
United Nations. We have seen in a generation the sub- 
stantial growth in economic and political importance 
of those governments that co-ordinate the life of peo- 
ples over large areas. More important even than these 
landmarks I should place those of technological and 
commercial developments that require very large- 
scale organization to make them effective. 


The development of atomic energy is typical of an 
increasing number of extensive undertakings engaging, 
even in its initial phases, the activities of a million 
persons spread over a large part of a continent. World- 
wide shipping and air transportation is another. 
World-wide radio broadcasting chains are in process 
of formation, and demand international control, if not 
operation. The number of such technical  develop- 
ments with which the world is concerned is increasing 
rapidly. If another war does not intervene within 
thirty years, the pace of this advance is such that the 
advantages of keeping open the channels for interna- 
tional co-operation will have become increasingly 
evident. The probability of war will then rapidly 
diminish to a remote possibility. 

If we want peace, we must encourage in every way 
possible the growth of those activities that promote 
human welfare through the co-ordination of effort 
throughout the world. 


Better Education Contributes : 

We mentioned as the second trend, that toward 
more technical and professional education. Here again 
the atomic program is a typical example. It was not. 
possible for the suggestion of releasing atomic energy 
to arise except in the minds of those scientists who were 


at the very forefront of their profession. In planning 


the experiments leading to the first chain reaction four 
years ago, only the best trained men could be of service. 


Co-ordinating the activities of science and industry 


and the military required men highly skilled in ad- 


ministrative problems. To carry through the difficult — 


jobs required competent engineers and many thousands 
of skilled workmen. Similar skills must be available 
wherever progress along technological lines is to come. 

Those who have been in contact with such activities 
as these have become acutely aware of the value of 
education. As a result, more people are wanting more 


education. This is the great phenomenon of the educa- 
tional world. 
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Growth in Mutual Understanding Is Essential 

The third trend, that of searching for adequate ob- 
jectives, is intimately related both to growing CO-Opera_ 
tion and to increasing education. Again let me use the 


atomic program as an illustration. The world-wide 


scientific studies that led to the development were 
carried on by many investigators who saw value in 
the effort to understand the truths of nature. By com. 
paring and sharing ideas and discoveries, each wag 
able to advance toward the common goal of better 
understanding. With the advent of the war, fear of 
defeat and desire to bring the war to a prompt concly- 
sion drove all concerned to submerge the individua] 
difference in the interest of the common goal. Co-opera- 
tion in the atomic project came not because of mutual] 
affection, but because all were determined to do their 
best toward making the enterprise a success. 

When peace comes, the goals are not so evident. The 
war was waged to protect against disaster. The objec- 
tives of peace seem more diffuse. Yet what can be more 
vital than the desire of a man to grow to his full stat- 
ure? If he recognizes the elementary law of human 


nature, that one’s own full growth requires that he 
help his neighbors to grow, he thus finds a goal toward 
which all can work. This goal is nothing less than giving 
every person the best opportunity we can for full 


physical and spiritual development. | 

‘Such an objective implies a freedom from want 
which until now would have been considered a Utopian 
dream. With recent advances in technology and the 
strength of industrially organized society as demon- 
strated in the war, it is now evident that society can 


_ free itself from want if it is determined to do so. 


But physical wants are only the beginning. We have 
lived a generation that has had more than the usual 
number of lost souls who found nothing of value to 
which they could fasten their lives. The need is now felt 
to find such true values. 

In these great social trends we see the growth of the 
human characteristics that we most highly cherish. 
The spirit of co-operation is the love of one’s neighbor 
as expressed in service. Increased education is the result 
of the love of knowing the truth. In devotion to worthy 
goals one finds that his own life takes on meaning and 
value. | | 

Just after Hiroshima, Norman Cousins called our 
attention to the fact that “modern man is obsolete.” 
Man who had performed technological miracles was 
not fitted for life in the Atomic Age. Why? 


The world in which we now find ourselves cannot sur- 
vive under stich actions. Things happen too fast. Our 
actions, aS Cramatically exemplified by the atomic 
bomb, affect too large a circle. No longer is there time 
or opportunity in our rapidly changing world for actions 
aimed toward self-interest automatically to build up 
the communits;’s Strength. If we are to be Strong, if 
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" now likewise the law of nations. 


Be put the wor 


osper, if we are even to survive, it can be 

by consciously working for each other. This, which 
es the law of the life of individuals, 1s 
for the common welfare is required by 


Giuch service mmc ; oF 
the fact that nations like individuals are now speciaHsts, 


A can prosper or even sutvive only by co-operative 
rt Schenectady must serve not only the nation, 
é | rid. And as the world learns to depend on 


Schenectady, its prosperity becomes the world’s con- 


cern. This is the sure path to peace. 


To Enrich the Life of Mankind | 

There is an ancient legend of Daedalus, who learned 
the art of working steel. By long labor with forge and 
anvil he fashioned a sword which he gave to King 
Minas of Crete. His friends came to him and expostu- 
lated, ‘‘Why did you give the king a sword? That will 
not bring us happiness; it will bring us strife.’’ Daedalus 
replied, “It is not my intention to make you happy. I 
would make you great.” 

If science is the steel of Daedalus, he has used it to 
fashion the atomic power, which four years ago today 
he gave to man. We dread the destruction it can pro- 
duce. But we cannot give it back. We must use this 
power to enrich the life of man. For its use, the world 
must learn to work together. We must fit ourselves 
with further education. We must select worthy goals 


that will harmonize the efforts of all. Thus man will - 


become truly great. Let us thus choose to serve, and live. 
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You would find it hard to set a requirement on 


Arnold magnets that is not already exceeded in 


our regular production procedure. 

All Arnold products are made on a basis of 
100% quality-control at every step of manufacture. 
These rigidly maintained standards cover all physi- 
cal, magnetic and metallurgical characteristics. . . 
you can place complete confidence in the uniform- 
ity and dependability of Arnold Permanent Mag- 
nets, and their resultant performance in your 
assemblies. 

Remember, too, that Arnold’s service covers 
all types of permanent magnet materials, any size 
or shape of unit, and any field of application. Our 
engineers are at your command—write us direct 
or ask any Allegheny Ludlum representative. 
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ELECTRIC POSITIONING SYSTEMS OF 
HIGH ACCURACY FOR INDUSTRIAL USE 


Mechanisms operated by responsive electric de- 
vices serve industry in diverse applications such as 
these examples in chemical plants and steel mills 


By D. E. GARR 


~ General Engineering and Consulting Laboratory 


General Electric Company 


S OUR lives have become more highly mecha- 
nized in the modern; scientific age, we have for 
years grown accustomed to the importance of 

“position.” We snap a light switch to ON or OFF; 
set a radio dial to a station; turn the dial of a combina- 
tion lock to certain numbers; or adjust the tool feed of a 
lathe to a definite number of inches. Simple operations 
of this kind are usually done by hand, but frequently 
it becomes desirable to perform positioning operations 
from a remote location. 

To meet this need, positioning systems have been 
devised which will accurately, rapidly, and with suitable 
power amplification, position power mechanisms in 
accordance with information from remote stations. As 
the term is used here, a positioning system signifies an 
arrangement for the transfer of only small amounts of 
control power from the remote transmitter to the point 
of application. 

Many kinds of positioning systems and combinations 
of systems are available today. They include pneumatic, 
hydraulic, electrohydraulic, electromechanical, and elec- 
tric types. The type described here is all-electric and 
makes use of selsyns, vacuum tubes, an amplidyne, and 
direct-current motor. 


Basic Elements of Any Positioning System 
Several elements are necessary to make up an operat- 
ing positioning system. They are: 


(1). Means of transmitting intelligence or initial 
signal from the remote station (point at which 
such intelligence originates). 


(2). Means of receiving initiating information at 
the power source (point at which a power 
mechanism positions something in accordance 
with the transmitt’ 7 signal). 


(3). Means of: transcriving and amplifying signals 
to useable pr Ger output. 


(4). Repeat-back mechanism at power source so 
that position of the output satisfies the signal 
from the transmitter. 


(5). Means of stabilizing. 


a — 
—_— i — 
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Components of System 

Selsyns. An important part in the electrical position- 
ing system is played by selsyn equipment. The usual 
arrangement is to have a selsyn generator at the source 
of information and selsyn motor with its shaft connected 


to a pointer at’ the location of desired indication. Selsyn 


generators, ‘selsyn motors, and selsyn control trans- 
formers are a-c machines with 3-phase stator windings 
and 2-pole rotors. These machines are all similar in 
appearance and construction but differ slightly in 
internal characteristics. A generator or motor has a 
salient-pole rotor while a control transformer has a 
rotor so constructed that the magnetic circuit is con- 
stant regardless of position. The purpose of this is to 
provide constant magnetizing-current drain from the 
stator of the generator. 


SELSYN 
CONTROL 
TRANSFORMER 


SELSYN 
GENERATOR 


CONSTANT eoen: 


(a) (b) (c) 


Fig. 1. Selsyn stator and rotor voltage as a function of rotor angles 


As used in the positioning system described in this 
article, the selsyn generator and a selsyn control trans- 
former which has a voltage output variable with rotor 
angularity are connected electrically; that is, the stator 
windings of both machines are interconnected. When a 


_selsyn generator rotor is excited by a constant- -voltage 
and constant-frequency source of power, the stator 


voltages vary with rotor rotation. Fig. 1(a) and Fig. 1(b) 
show the percentage variation for a 90-deg change in 
angle.. Note that even though the control transformer 
rotor is not moved, the voltage output varies from 100 — 
per cent to 0. If, as in Fig. 1(c), the control transformer 
rotor. ‘is moved 90 deg, the voltage also changes 100 
per cent even though the generator rotor ig not moved. 
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Fig. 2(a) indicates the amplitude variation of control 
transformer rotor voltage as a function of rotor angle; 
as plotted, the rotor of the selsyn generator is not 
moved. However, this process can be reversed and the 
same voltage variation obtained. It must be emphasized 
that Fig. 2(a) is not an a-c sine wave but a plot showing 
an envelope of maximum voltage. Depending on the 


CONTROL TRANSFORMER 
ROTOR ANGLE 


— 
X a 
CONTROL \ Ne 
TRANSFORMER : / 
VOLTAGE 
yY 


CONTROL TRANSFORMER 
ROTOR VOLTAGE 


AC VOLTAGE 


SINE WAVE 60 DEGREES 
(1 CYCLE ) 


CONSTANT VOLTAGE SOURCE 


Fig. 2. Control transformer voltage: (a) as a function of rotor dis- 
placement; and (b) its phase relation to the sine-wave power input 


rotor speed, the individual voltage phases will appear 
as shown by dotted lines. If the rotor is stopped at any 
point, the wave then becomes a straight line. Fig. 2(b) 
is an indication of control transformer rotor voltage 
and its phase relation with respect to the power-source 
sine-wave input. The voltage is either in phase or 180 
deg out of phase with the input. Points X, Y, and Z in 
Fig. 2(a) refer to curves X, Y, and Z in Fig. 2(b). 

Amplidyne. Another component part of the positioning 
system described in this article is the amplidyne. The 
amplidyne is a rotating direct-current machine which 
has a very high amplification and a very rapid response. 
It is driven at essentially constant speed by an external 
power source. 

In a conventional d-c machine under short- caear: 
conditions, Fig. 3(a), a very small amount of field cur- 
rent produces rated armature current; even residual 
field flux may produce more than rated current when a 
machine is short-circuited. The armature current pro- 
duces a flux at right angles to the main field flux, 
commonly known as “armature reaction.’’ These two 
phenomena are the principles of operation of the 
amplidyne. Specially constructed pole pieces provide a 
low-reluctance path for the armature-reaction flux. If 
a set of brushes, as shown in Fig. 3(b), is added at right 
angles to the short-circuited pair, but on the same com- 
mutator, the armature-reaction flux will produce a 
voltage at these brushes. Such a machine has very poor 
_ voltage regulation. For this reason, a series field called 
a compensating field is wound on the same poles as the 
control field and is connected accumiulatively. The flux 
changes which must be produced by the control field 
are very small, and the pole structure is laminated. 
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Therefore, the response rate of the control field circuit 
is very fast. Several control fields can be wound on the 
same pole pieces and used for various control functions. * 


Positioning Control Circuit 
Except for the method of connection, the other ele- 


ments of the positioning-system devices are quite con-_ 


ventional. Fig. 4 shows the connections of the selsyn to 
a tube amplifier and of the amplifier to the amplidyne 
and motor power circuit. 

The primary of power transformer TI? and the selsyn 
generator rotor are connected to the same source of a-c 
power. In Fig. 4, as in Fig. 1, the selsyn generator and 
selsyn control transformer stators are connected to- 
gether. The control transformer rotor is connected to 
the primary of transformer 71, which has a tapped 
secondary with each end connected to the grid of a twin 
triode vacuum tube /. The center tap of the secondary 
winding is connected through resistor k3 to the cathode 
of vacuum tube 1. Terminal (/) of transformer 72 secon- 
dary is connected to the center tap while terminal (2) 
of transformer T2 is connected to a common junction of 
resistors IZ. Ko, and K6 and capacitors C1 and C2. 


Pagen Bee 
FIELD 


> bi CONTROL 
FIELD 


Fig. 3. Amplidyne armature aha field diagrams 


Resistors R4 and Rd are plate resistors of the twin 
triode and the plates are each connected directly to 


grids of triode vacuum tubes 2 and 3. The plates of 


tubes 2 and 3 are connected in a push-pull arrangement 
to amplidyne control fields No. 1 and No. 2, which have 
the common junction point attached to terminal (1) of 
transformer T2. The power transformer supplies the 
plate circuit of tubes 2 and 3 and also the plate circuit of 
tube 7. Resistor R3 is the cathode resistor of tube 1, 
and resistor R6 acts as the cathode resistor of both 
tubes 2 and 3. 

To show the operation more clearly, the circuits will 
now be followed through with a given set of conditions. 
Assume that the selsyn rotors of the control transformer 
and generator are displaced so that voltage conditions 
as of X are obtained. With the selsyns displaced in this 
manner, the lefthand side »f transformer T1 secondary 
is positive during the con iucting half-cycle or when 
terminal (2) of power transformer T2 is positive. This 
causes the lefthand grid of tube 1 to be more positive 
than the righthand grid, resulting in a greater conduc- 
tion of current through resistor R4 than through Rd. 


Therefore a higher voltage is obtained across resistor ~ 


R4 than across Kd. With respect to capacitor C2, 
capacitor Cl has the higher charge, the lower end of the 


*A detailed description of basic considerations in amplidyne applications 
is presented in the article on p. 41 of this issue of the REVirw.— 
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capacitor being negative. On the succeeding half-cycle, 
or when terminal (1) of transformer 72 is positive, 
tubes 2 and 3 are in a conducting condition. Because of 
the preceding charge on the capacitors, the grid of tube 
2 is negative with respect to that of tube 3. Therefore, 
more current is conducted through control field No. 2. 
As is shown in the tabulation for the condition existing 
for curve X, the control field current at field No. 1 is 
zero and control field No. 2 current is 100. These figures 
are percentages. The actual field current requirements 
are a few milliamperes. This unbalance in control-field 
current causes a voltage to appear across the ampli- 
dyne terminals and, since the connected motor has a 
fixed field flux, the motor armature will rotate. 


Operation 
If the selsyns are displaced with respect to each other 
in the opposite direction, the voltage conditions as 


shown in curve Z will be present and if the same method. 


of analysis is followed through, it will be seen that the 
amplidyne voltage polarity is reversed. Therefore, the 
motor will rotate in the opposite direction. 

As mentioned before, a stabilizing means is necessary 
to the satisfactory operation of the system. This means 
is provided by a third control field on the amplidyne; 
the field is called the anti-hunt field and is connected in 
series with capacitor C3. Characteristics of a capacitor 
are such that it will not pass direct current. Therefore, 
as long as amplidyne voltage is stable and does not 
change, no current will flow through the anti-hunt field. 
During any change of amplidyne voltage, the capacitor 
will pass current and the polarity of the anti-hunt field 
is such that this current always opposes the change. By 
varying the amounts of the capacitance for various 
systems, a stable mechanism can be obtained. In case 
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Fig. 4. Schematic diagram of singie-speed positioning-system circuit 
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Fig. 5. Block diagram of the elements for a positioning system 


the selsyns are balanced with respect to each other and 
no voltage output from the control transformer rotor 
is obtained, both sides of the amplifier are balanced. 
Therefore, zero voltage is obtained from the amplidyne, 
and the motor shaft will not rotate. 

Fig. 5 shows the various system components connect- 
ed both electrically and mechanically. .A dial is con- 
nected to the shaft of the selsyn generator and is the 
means of transmitting information from a remote- 
position station: The selsyn control transformer 1s 
located at the power source and is the means for receiv- 
ing information. A combination of the vacuum-tube 
amplifier, the amplidyne, and the d-c motor, is the 
means of transcribing and amplifying the signal for 
usable power output. The shaft of the selsyn control 
transformer is geared-to the motor shaft; thereby, a 
repeat-back mechanism is obtained to give an indica- 
tion when the output shaft is in the position to satisfy 
the indicated signal. When the components are correctly 
connected, the motor always rotates in such a direction 
as to restore the selsyn control transformer voltage to 
zero and balance the amplidyne control field currents. 
The anti-hunt field on the amplidyne and its connected 
series capacitor are the stabilizing means. Thus is 
constituted a positioning system which provides for all 
the necessary elements of operation. 


Advantages 
A system such as the one outlined has the following 


inherent advantages: 


(1). All the necessary adjustments can be made 
quickly without the use of special tools or knowledge 
(2). Tubes are the only elements which require 
replacement, and these are standard radio types. 
Except for the amplidyne and the motor commuta- 
tors, there are no moving contacts to service and clean 
(3). Interruptions in service are practically limited 
to tube failures; and the two power triodes have fila- 
ments connected in series to minimize this possibility 


July, 194'7 GENERAL ELECTRIC REVIEW 19 


REGION IN WHICH NEON 
TUBES CONDUCT 


DIRECTION OF ROTATION 
/ iE ay, $ \ 


y \ CONTROL TRANSFORMER 
CONTROL ; 


; ROTOR ANGLE 
TRANSFORMER| / 
VOLTAGE y 
an ae oe ee 
NS ONG, we ye 
(b) 


VOLTAGE FROM 5 SPEED SELSYN \ 
CONTROL TRANSFORMER ROTOR ‘ 


STEPPED UP 
VOLTAGE FROM 
| SPEED SELSYN 
CONTROL 
TRANSFORMER 


TUBE | | \ 


(a) 


ae val Tat RATIO mea T3 
A E48 5! 


ee te ee 


ae 


SOURCE SELSYN CONTROL 


TRANSFORMER 


SELSYN 
GENERATOR 


DIAL YATIG 
toe 


te or VOLTS 
6OCYCLES 
SSPEED 1 SPEED 


Fig. 6. Schematic diagram for two-speed positioning system 


(4). The vacuum-tube amplifier is a push-pull or 
null type and the stable point of operation is at zero 
output. For this reason, the system is insensitive to 


voltage changes and does not drift. Temperature has 
no effect. 


Stability 

Stabilizing a positioning system is extremely im- 
portant. Four factors may produce stabilizing difficul- 
ties: 


(1). High gain. If the gearing is such that one-degree 
rotation of the selsyn shaft causes a one-degree 
motion of the motor armature shaft, the system will 
be much more difficult to stabilize than if one degree 
calls for 100 revolutions of the motor armature 


(2). High ratio of mechanical inertia to damping 
friction 


(3). Time delay. Any number (more than one) of 
time delays of about equal magnitude, either elec- 
trical or mechanical, makes stabilizing more difficult 


(4). Gearing. It is essential that the gear trains be | 


free from backlash. 


In systems requiring that the power source be in very 
close correspondence with the remote-position station, 
both statically and dynamically, it is sometimes neces- 
sary to measure rate of change of actual velocity or 
even a further step, rate of change of acceleration. As a 
general rule, the fastest system and one which is still 
stable will overshoot slightly when the system has been 
disturbed and allowed to come to rest. Systems can be 
made deadbeat but usually at the expense of speed 
of response or dynamic accuracy. 
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Accuracy 

Fortunately the static accuracy of a system is quite 
easy to compute. The inherent accuracy of a Selsyn 
generator—selsyn control transformer combination jg 
about 0.38 deg. The tube amplifier requires a finite 
amount of selsyn voltage to operate; therefore, a one. 
degree error is used as the smallest increment of rota- 
tion which the system will recognize and control. 


Let it be assumed that the selsyn generator is coupled 
directly to the shaft of a rotating structure which ig 
being positioned. Positioning can be accomplished to 
within a single degree of the dial setting, which is an 
accuracy of 0.278 per cent. If a greater accuracy is 
required, the selsyn may be geared to the output shaft 
of the power source. Thus if the selsyn rotates 5 times 
for 1 revolution of the power shaft, the accuracy be- 
comes 0.2 deg or 0.05 per cent. By increasing the ratio, 
any desired accuracy can be obtained. For positioning 
a mechanism with linear motion, a screw or rack and 
pinion is used. By proper choice of gear ratios, position- 
ing to an accuracy of 0.001 in. can be accomplished. 


When high ratios are used to obtain accuracy, 
another problem becomes evident: that: of proper 


synchronization. In the system with a gear ratio of 5 to 


1 it is possible for the mechanism to lock in synchronism 


at any one of five dial positions. To extend the useful | 


range of accuracy and still provide proper synchroniz- 
ing, a two-speed system is used. As is shown in Fig. 6(a), 
an additional control transformer is geared to the 
power source and an additional generator geared to 
the dial with the same ratio. The devices in the second 
set are known as one-speed selsyns for they must always 
maintain a proper synchronizing signal regardless of the 
amount of out-of-correspondence of the generator and 
control transformer. 


Fig. 7. Front view of panel used for chemical-process remote-position 
station 
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The output voltages as a 
netion of the one-speed sel- 
n rotation are shown in 
Fig. 6(b); the five-speed selsyn 
makes five complete cycles 
within the basic 360 deg. The 
voltage magnitude of the one- 
speed selsyn is much greater 
because transformer 73 has a 


fu 


AMPLIFIER 


high set-up ratio. The neon | 
tubes connected in series with 
the secondary of transformer 
T3 conduct no current at low 
voltages but act as a low-re- | 
sistance path to current flow 


when the impressed voltage INDICATING 
reaches approximately 60 
volts rms. The connections are 
shown in Fig. 6(a); the re- 
mainder of the circuit is sim- 
ilar to that in Fig. 4. 


When the system is properly 
synchronized, the operation is 
identical to that followed when 
only one set of selsyns is used. 
If the selsyn generators are 
rotated with respect to the 
selsyn control transformers to. 
any position lying between X 
ena Y or Zand: Wedegrees, 
Fig. 6(b), and power is applied, the voltage of trans- 
former 73 becomes great enough to cause the neon 
tubes to conduct. The voltage magnitude is great 
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Fig. 8. Back view showing gearing for remote- -position station used in 
chemical-process control 
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Fig. 9. Exploded view of gear train for chemical-process remote-position station 


enough to take control away from the five-speed selsyn 
control transformer and will always cause the system 
to restore at the proper point of correspondence. If the 
system tries to stabilize at the 180-deg position, voltage 
from the five-speed selsyn causes the power source to 
move either to the right or left; then the one-speed 
selsyn voltage takes control and restores the system to 
the O-deg position. 

If a linear motion is controlled, then the total travel, 
referred to degrees, must lie between 0 and slightly less 
than 180 deg. In this range, synchronization to the 
proper position will always occur. 


INDUSTRIAL APPLICATIONS 


Chemical Control Process 


Specifications 
Total linear travel oe 400 cm 
7 0.1 cian 
Accuracy: 4 0 O28 ver cont 
Time forsovalettavel: a 20 sec 
Adjustable limit for maximum travel 
ROWER i sea 14 hp 


The necessary accuracy and travel require a 36-speed 
system and special limit-switch mechanism for syn- 
chronism. At the remote-position station three dials are 
arranged to read 400-10-1 centimeters for 360-deg rota- 
tion, as shown in Fig, 7. The positioner handwheel at 
the lower center is geared directly to the dials and 
selsyns shown in Fig. 8. Handwheel labeled “upper limit 
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, 


Fig. 10. Motor and output shaft of power source 


set” in Fig. 9 adjusts a movable stop so that travel of the 
selsyns and dials can be limited to any desired amount. 
Fig. 8 shows a back view of the controller panel; Fig. 9 
shows an exploded view of the controller gear train. 

Several innovations have been incorporated in the 
controller unit. Lights operated by switches on the 
power unit provide a rough visual indication of position. 
An error meter of the wattmeter type is connected in 
the selsyn circuit; by depressing the meter push button 
the operator can read the small error which may exist 
between the dial and actual rod position. 

The power-source gearing is similar to that of the 
remote positioning unit. The main power reduction is 
made in one step by a worm gear which also provides a 
self-locking device to prevent transmission of motion 
back from the output shaft. The reduction is such that 


“UR = GOH ae 
SSIS = RUT GES 
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rated speed of the motor produces an output travel of 
400 cm in 20 sec. The power source complete with 
drive motor is shown in Fig. 10. 


Automatic Screwdown Controls 

The same basic system with entirely different types 
of application is in use in two steel mills. In both cases 
the object is to provide a means of rapidly and accu- 
rately adjusting the distance between the working rolls 
of a reversing plate mill. Several passes are required to 


_ reduce a slab to the proper thickness, and in the inter- 


val of time while the slab is out from between the rolls, 
and is being reversed, the rolls must be brought to the 
new separation distance. 


Specifications 

imeanm travel su. 12 in. 
| f +0.00187 in. 

CCUG es Pa tS es y 40.0156 per cent 
ROWICR Ep ee tee 300 hp 
Maximum rate of travel......... 50.7 in. per min 
Number Of passes. 6.0... ss... 13 
INechomime TIMe.. 44... ee 4 sec 


Two boards, each with 13-selsyn control transformer 
systems, provide a means of presetting schedules. 


While one order is being run, the proper number of | 
- inches for each pass is set on the second board. At the 


completion of each pass, the operator presses a button 
and the rolls move to the next proper setting. After the 
last pass is made, the rolls automatically return to the 
initial setting. 
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Fig. 12. Block diagram of dial-type automatic screwdown system 


From a study of the diagram shown in Fig. 11 it can 
be seen that the detail design of this system differs 
greatly from the basic system. Instead of driving the 
main power source motor directly, the amplidynes ex- 
cite the fields of generators which in turn power the 
main motors. A 36-speed selsyn system of generators is 
geared to one of the main screw-down motors, and the 


'13-selsyn control transformer systems in the operator’s 


pulpit are switched one at a time to the vacuum-tube 


~ 


Fig. 11. Essential equipment for 
automatic screwdown 


Fig. 13. Vacuum-tube amplifier 
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amplifier. By means of a differential selsyn set, it is 
possible to displace the relationship between selsyn con- 
trol transformers and selsyn generators. In this applica- 
tion the differential selsyns are geared to a dial cali- 
brated in-inches of roll diameter. As rolls of various size 
are used this dial is adjusted to the actual diameter, and 
the distance between the rolls is always in accordance 
with the main dials. 

To eliminate the effect of backlash in the drive- 
motor couplings and main worm drives, it is essential 
that the setting be always approached from the same 
direction. The direction of travel to decrease the distance 
between rolls is used to conserve time. A tachometer 
voltage made unidirectional by means of a dry-plate 
rectifier is used to provide this feature. In the decreasing- 
distance direction, full tachometer voltage causes the 
screwdown motor to run very slowly as the correct 
setting is approached. In the opposite direction, this 
voltage is not present so the motor approaches the setting 
very rapidly and therefore overshoots and approaches 
the proper setting from the correct direction. Because 
of the long time delays in the main power system, 
special velocity controls are used for stabilizing purposes. 


Dial Type. A system to accomplish the same result, 
but entirely different in operation, is shown in Fig. 12. 


Specifications: 
Linéar travel 2 a ae 61am: 
ACCUIaACyi Oo ee ae ' ae 
+ (0.0258 per cent 
POWER? fi he ee 300 hp 
Maximum travel rate... 420 in. per min 
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ELECTRIC POSITIONING SYSTEMS 


(Continued from preceding Page) 


The main screwdown power system is identical to 
the one previously mentioned, and the fields of the 
generator are excited by an amplidyne which is exciteg 
by tubes controlled from selsyns. The mill operator 
faces a large’ motor-driven dial calibrated in units 
which correspond to the spacing between the main rolls: 
The dial motor is powered by an amplidyne which js 
controlled from a master switch on the control board. 


Also geared to the dial is the selsyn control transformer 


unit which performs the same function as the 13 ele- 
ments in the previously described system. This con- 
trol uses no vacuum tubes and is essentially a reference- 
type voltage control. While an ingot is making a pass 
through the mill, the operator sets the dial to the next 
proper thickness. After the pass is completed, the op- 
erator depresses the push button, and the rolls move to a 
position corresponding to the dial settings. A set of 
differential selsyns provides for roll-diameter compensa- 


tion. Fig. 13 shows a photograph of the vacuum-tube 


amplifier. 
These examples serve to illustrate various types of 


industrial applications in which it is necessary to static-. 


ally position a mechanism from a remote source. The 
system can also be used to dynamically synchronize two 
mechanisms. A system is being designed to regulate the 
speed of a flying shear with reference to speed of the 
continuous strip being cut. Shear speed is adjusted to 
make the proper length of cut. A very high accuracy is 
necessary so that all sheets will be cut to exactly the 
same length regardless of line speed. The selsyn tie 
eliminates a power gear train and the speed changer 
becomes a very small lightly loaded device. 

The basic system can be modified for various indus- 
trial uses: with remote valve control; for synchroniza- 
tion of several d-c machines; for automatic grinding- 
wheel adjustment; with machine-tool contour followers; 
for positioning of welding fixtures; with material han- 
dling equipment, and many other devices or machine 
elements. In nearly all industries there are applications 
in which a high-accuracy positioning system will in- 
crease production or increase quality of product. 
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CAPACITANCE OF SYNCHRONOUS-MACHINE 
ARMATURE WINDINGS DETERMINED 
FOR HIGH-POTENTIAL TEST 


New method predetermines requirements of charging current 
and kva for the testing of large-machine armature windings. 
Based on the saturation curves of the winding insulation 


By R. W. WIESEMAN 


Motor and Generator Eng. Div., Apparatus Dept., 


General Electric Company 


O DETERMINE the rate of voltage recovery 
on a circuit breaker protecting an a-c machine, 
for high-impedance neutral-ground protection 
of a-c generators, or to determine the charging current 
and kva required when an a-c high-potential test is 
applied to an armature winding, the capacitance of the 
armature winding must be known. As much as 1000 kva 
is required to charge a large a-c generator for the ASA 
proof high-potential test of twice normal voltage plus 


o 
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A \Normal line-to-neutral voltage 
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CHARGING CURRENT (Ic¢n) (rms) 


Fig. 1. Charging current for a high-potential test at 60 cycles on a 
2750-kva 4000-volt winding with Class A insulation, at 25 C 


1000 volts. If the testing-equipment power supply does 
not have sufficient kva capacity to fully charge the wind- 
ing, the applied voltage may be unstable, with harmful 
results. Thus it 1s essential that the capacitance of an 
armature winding of a large machine be predetermined. 


Charging-current Saturation Curve 

The familiar saturation curve is usually associated 
with the density of magnetic flux 1n iron vs. the exciting 
magnetomotive force. The saturation effect, however, 
is not confined to the conduction of magnetic flux, but 
occurs in many places where magnetism plays no part 
whatsoever. The elongation of a piece of steel, for 
example, under tension stress follows a saturation curve. 

When an a-c high-potential test is applied to an 
armature winding, the charging current also follows a 
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saturation curve (Figs. 1 and 2). For a 60-cycle high- 
potential test applied to an armature winding, the 
charging current at 25 C varies as shown in Fig. 1 for a 
Class A insulated winding, and in Fig. 2 for a Class B 
insulated winding. 

It can be seen from these curves that as the applied 
voltage increases beyond normal voltage, the charging 
current increases at a higher rate than that of the ap- 


plied voltage. The capacitance current, which is directly . 


proportional to the applied voltage, is indicated by the 
dotted straight line drawn tangent to the charging- 
current curve at the origin. Thus the capacitance of an 


armature winding can be obtained from the capacitance- 


current line; but the capacitance obtained in this man- 
ner is correct only if the applied voltage is sinusoidal. 


Insulation Characteristics 

The curves in Figs. 1 and 2 are plotted in Fig. 3 ona 
per unit basis in which the charging current at normal 
voltage is made unity. These curves illustrate one 
fundamental difference between Class A and Class B 
armature insulation, which is that Class A insulation 
has more saturation, or dielectric loss, than that of Class 
B insulation. | 

In Figs.1,2, and 3, the winding normal line-to-line rms 
voltage is indicated on the charging-current saturation 


CHARGING CURRENT (Ip) (rms) 


Fig. 2. Charging current for a high-potential test at 60 cycles on a 
20,000-kva 11,500-volt winding with Class B insulation, at 25 C 
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curves. It should be noted, however, that the actual 
rms voltage impressed on the insulation of a three- 
phase winding from copper to ground when it operates 
at normal voltage is only 58 per cent of the line-to- 
neutral voltage; also, this voltage is impressed only on 
the insulation of the terminal coils. Thus the winding- 
insulation voltage stress under normal operating con- 
ditions is well below the knee of the charging-current 
saturation curve. : 

The charging current is the vector sum of two com- 
ponents: the capacitance current (displaced 90 deg 
from the applied voltage), and the dielectric-loss cur- 
rent (in phase with the applied voltage). The dielectric- 
loss current is composed of (1) the conduction current, 
which passes through or around the insulation, (2) the 
absorption current, which is the major part of the loss 
current, and (3) the current caused by any corona or 
voltage discharge around the winding. 

The ratio of the charging current and the capacity 
current is the reciprocal of the sine of the power-factor 
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PER UNIT HIGH-POTENTIAL TEST VOLTAGE 
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S 


PER UNIT CHARGING CURRENT 


Fig. 3. Per unit high-potential test charging current of Class A and 
Class B windings at 60 cycles and 25 C 


angle. Thus the approximate insulation power factor 
can be obtained (without the use of wattmeters, etc.) 
from the saturation curve of the winding charging 
current during the ASA proof test. The power factor of 
the insulation, however, cannot be obtained by this 
method when the test voltage is around normal voltage 
or less, because the small difference between the charg- 
ing current and the capacity current will obviously give 
inaccurate results. : 3 

The insulation power factor increases with tempera- 
ture and with applied voltage. Class B mica armature- 
winding insulation at 25 C hasa leading factor of about 
five to eight per cent at normal voltage and 60 cycles. 
During the ASA high-potential test of 24,000 volts at 
60 cycles (Fig. 2), the charging current of a Class B 
winding at 25 C was 4.16 amp (100 kva), and the ca- 
pacity current 3.6 amp (86 kva). The loss current, 
therefore, was 2.08 amp (50 kw), and the charging- 
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Fig. 4. Average loss coefficient for a high-potential test at 25 C on a new 
synchronous-machine armature winding above 1000 kva and 2000 volts 


current power factor was approximately 50 per cent 
leading. Thus the insulation power factor at the ASA 
test is considerably higher than that at normal voltage. 
This refutes the popular notion that the ASA high- 
potential test charging current of an armature winding 
has a very low leading power factor. 


Loss Coefficient 
For convenience, the ratio between the charging - 


current and the capacitance current can be designated 


as the loss coefficient Le. In addition to evaluating 
insulation power factor, the coefficient L. is useful in 
obtaining the approximate 60-cycle charging current of 
a winding during a high-potential test if the capacitance 
of the winding is known. : 


Approximate average values of L. for Class A and 
Class B armature-winding insulation are given in Fig. 4. 
The per unit high-potential test voltage in Fig. 4 is the 
rms test voltage divided by the normal rms machine 
voltage. It should be noted that the values of Lc given 
in Fig. 4 apply only when the applied voltage has a 
frequency of 60 cycles, and when the machine rating 
exceeds 1000 kva and 2000 volts. 


Approximate Average Armature Winding Capacitance 
‘Based on Machine Rating ? 


The capacitance of a capacitor is: 
/ A | 
C=0.225>% 10g os (1) 


where C =capacitance in microfarads 
kb’ =dielectric coefficient | 
A =effective area of the dielectric in square 
inches | 
t =thickness of the dielectric in inches 


To obtain a simplified formula for the capacitance of 
an armature winding, it is necessary to make reasonable 
assumptions and to use average values for factors such 
as electric and magnetic loading. number of slots, size 
of slot, thickness of insulation, diameter, and length of a 
machine, which vary somewhat from one machine to 
another. For maximum-continuous-rated (60-deg rise 
by imbedded detector) synchronous machines above 
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Fig. 5. Winding-end portion and connections for the stator of a syn- 
chronous machine 
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1000 kva, Equation (1) can be transformed approxi- 
mately to: 


c 5 (kva)” 
=" X (43600) pm)” (2) 
where C =approximate averagecapacitance in micro- 


farads of synchronous-machine armature 
windings above 1000 kva, at 25 C 


k  =23 for varnished fabric Class A insulation 
at 25 C; 40 for mica Class B insulation at 
Zoe 

kva =machine maximum continuous kva rating 

Ek =machine’' terminal-to-terminal normal 
rms voltage 


rpm =machine speed, revolutions per minute 


The capacitance of one phase of a three-phase winding 
with the other two phases grounded is 0.4 C (approx). 


It is emphasized that this formula can give only an 
approximate value of a winding capacitance. The 
winding pitch, coil-end portion, and winding connec- 
tions (Fig. 5) vary considerably from one machine to 
another. Special machines which are designed for high- 
temperature operation or for hydrogen cooling may 
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Fig. 6. Approximate capacitance at 25 C of new 14,000-volt synchronous-machine armature windings with Class B insulation 
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Fig. 7. Approximate charging current for high-potential test on new 14,000-volt synchronous-machine armature windings with Class B insulation, 
when test is made at 25 C with 29,000 volts applied at 60 cycles 


have a capacitance less than that indicated, whereas 
machines which are underrated for increased torque 
or stability may have a capacitance more than that 
indicated by the approximate formula. The data pre- 
sented here are based on test data obtained on new 
present-day windings. The capacitance of old windings 
may be somewhat larger than that indicated. For a 
more accurate value of the capacitance of a winding the 
machine manufacturer should be consulted. In fact, the 
approximate data given here should be used only if the 
manufacturer’s data are not available. 

Fig. 6 shows approximate average capacitance for 
the entire armature winding of Class B insulated 14,000- 
volt synchronous machines ranging from 1000 to 100,000 
kva, and from 100 to 3600 rpm. A variation of capaci- 
tance from about 0.03 to 3.0 microfarads is indicated. 


Approximate Charging Current of High-potential Test 
The approximate charging current taken by a syn- 

chronous-machine armature winding during a 60-cycle 

high-potential test is: 2 


Leh = 0.3877 X 1073 LcC En (3) 
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where I, =approximate 60-cycle charging current 
(rms) in amperes, at 25 C 
L;- =insulation average loss coefficient (Fig. 4) 
C  =winding capacitance in microfarads, from 
Equation (2) 
E, =applied 60-cycle high-potential test volt- 
age (rms) 


This value of Jc, is that for the entire winding. If 
one phase of a three-phase winding is tested with the 
other two phases grounded, the charging current will 
be approximately 0.4 Ich. 

The harmonic content of the applied test voltage 
will affect the value of the charging current. If the 
test voltage is sinusoidal, the charging current will be 
minimum; if the test voltage contains harmonics, the 
charging current will be somewhat higher, depending 
upon the order and amplitude of the test-voltage har- 
monics. 

Fig. 7 shows the approximate 60-cycle charging cur- 
rent for the entire armature winding of 14,000-volt syn- 
chronous machines with Class B insulation, ranging 
from 1000 to 100,000 kva and from 100 to 3600 rpm, 
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when the ASA test of twice normal voltage plus 1000 


volts is applied. 


High-potential-test Charging Kva 
The approximate 60-cycle high-potential test charg- 

ing kva for an entire winding is: 
CHkva ay, Ln LO" (4) 
where CHeva =charging kva for entire winding at 25 C. 


If only one phase of a three-phase winding is tested, the 
charging kva will be approximately 40 per cent of the 
above value. 
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Conclusion 

From the high-potential-test charging-current satura- 
tion curve, the winding capacitance and, indirectly, the 
approximate insulation dielectric loss and power factor, 
can be obtained. With the approximate average for- 
mulas, the winding capacitance, charging current, and 
kva can be predetermined from the machine rating, 

A word of caution is offered regarding the application 
of high-potential ground tests to armature windings. 
Before the test is applied to a winding, it should be 
given a thorough visual inspection, cleaned if necessary, 
and its insulation resistance should be checked. The test 
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MACHINE KVA RATING 
Fig. 8. Approximate charging kva for high-potential test on new 14,000-volt synchronous machine armature 
windings with Class B insulation, when test is made at 25 C with 29,000 volts applied at 60 cycles 


Fig. 8 gives the approximate 60-cycle charging kva 
for entire armature winding of 14,000-volt synchronous 
machines with Class B insulation, ranging from 1000 to 
100,000 kva and from 100 to 3600 rpm, when the ASA 
test of twice normal voltage plus 1000 volts is applied. 
The curves in Fig. 8 show that the approximate average 
charging kva will be as follows: sf 


Charging kva 


Machine kva Rating 


Entire Winding 4 Winding 

1000 10— 40 4—— 16 
5000 30— 120 12— 48 
10,000 50— 200 20— 80 
50,000 17 5a55, 100 70—280 
100,000 300—1200 120—480 
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voltage should be relatively free from harmonics. A 
sphere gap should not be used in the armature-winding 
circuit because it may produce harmful surge voltages 
if an arc-Over occurs. ; 

Windings in service may be given a ground test of 
about 125 to 150 per cent of normal voltage in accord- 
ance with conditions. The minimum test voltage should 
be the maximum voltage obtained when a machine is 
open-circuited with full-load field current. A test volt- 
age higher than 150 per cent of normal for old ma- 
chines of above 1000 volts is not recommended. New 
windings at the factory are given the ASA proof test, 
which may require as much as 1000 kva of 60-cycle test 
equipment for large machines. The testing set and its 
power supply should have ample capacity and voltage 
stability over its entire voltage range. 
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Our tabby lacks the facilities to feed an over- 
abundance of kittens. So, among her litter, several 


will suffer neglect. 


That’s usually the penalty of an overload. Neglect 
—whether it’s pussies to be fed, or electronics 


equipment to be produced. 


And that’s where Sherron comes in. Meaning . 


Sherron 
Electronics 


the specialized electronics fabrication job that gets 


shunted aside in the scramble. 


Sherron service is complete and integrated—from 


research through manufacturing. 


In addition, we have been especially fortunate in 
being able to provide scarce, basic materials for 


our customers’ needs. 


(2). Cost per kva of transformers is given in Fig. 3 se° 
as the average of receiving- and sending-end trans- 
former costs. This includes installation costs and 
corresponds approximately to a sending-end low 
yoltage of 13.8 kv and a three-winding transformer 
(primary, secondary, and tertiary) as the receiving- 
end transformer. The high-voltage windings of the 
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Results of studies give compara- 


tive costs for various voltages, dis- 
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transformer costs have been increased to allow for TRANSMISSION LINE KV 


AA Boy 


4 “HIS article summarizes the results of economic 
studies of a-c power transmission for distances 
from 100 to 600 miles. Particular emphasis is 

placed on the economics of higher voltages. Conclusions 

have been drawn as to the effect of voltage, distance, 
and loading. In the literature on the subject of trans- 
mitting power long distances, more attention appears 
to have been given to the technical problem()@@ 
than to the economic problem.) 0) This is quite 

understandable. The economic problem depends to a 

considerable extent upon conditions surrounding the 

particular case under consideration, and in time may 
be altered by new developments and change in costs. 


oe: a 


validity of the conclusions which were being drawn 
during the course of the study. The effect of these 
variations have tempered the conclusions, which are 
presented at the end of this article. Therefore, the re- 
sults of this study as summarized in the conclusions are 
believed to give a fair appraisal of the present economic 
problem. 


Analysis 
This analysis is in three parts: 


I. 200- to 600-mi transmission. Line loading based 
on steady-state power limits with 25 per cent margin 
with systems having typical terminal impedances. 


the use of transformers with 80 per cent of normal Fig. 4. Circuit breaker installed position cost vs. transmission line kv. 


leakage reactance. It is to be noted that, whereas the 
cost data are given here by a smooth curve, actual 
costs would tend to be higher than this curve at 


points intermediate between those representing 


standard voltage levels. 
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Multiply by 2 to obtain total installed station cost per circuit 


(5). The cost of line compensation was assumed 
to be $10 per kva for series-capacitor compensation. 
This figure includes the necessary protective equip- 
ment and insulation above ground. An alternative 
method of compensation is to use special intermediate 
synchronous condensers”) which can be expected to 
be competitive with series capacitors. 


(6). A load factor of 50 per cent was assumed. 
Increased load factors will reduce the energy charge 
for transmission, since the energy charge is almost 
inversely proportional to the load factor. 


(7). The transmission-line power losses were 
evaluated at 4 mills per kw-hr with annual equivalent 


= II. 100-mi transmission. Line loading based on q me eis eae al 4 hours of 3300. 3 
a most economic loading independent of stability. 4 Orel eee Make be (8). The transformer losses were evaluated at 4 
is III. 200-mi transmission. Line loading based on 3 z oh Vem et mills per kw-hr, 4880 annual equivalent hours, and 
v | transmission of 1,000,000 kw dependent on transient — = Ee oT eee epee 0.6 per cent losses of total kva of sending- and receiv- 
= stability limits. : sia Pt ft ing-end transformer capacity. 
°o 100 200 ne 400 500 600 Although the problem is approached in these three 3 fa RT Tae (9). Synchronous-condenser losses were evaluated 
: Bs 


Fig. 1. Cost of electrical energy transmission at 50 per cent load factor 
based on 11.5 per cent annual charge on investment. 200,000 to 350,000 
kw per circuit. Ot" er conditions and assumptions given in text 


However, in view of the widespread attention now 
being given to longer-distance and higher-voltage 
transmission and the comparisons currently being made 
with other methods of transporting energy, it is 
considered worthwhile to show for assumed costs and 
conditions some of the important economic factors and 
the resulting conclusions. 

The costs used in this study are believed to be repre- 
sentative, although they are necessarily averaged 
values. In this article, the costs correspond to averages 
considered to be representative in 1945, and no attempt 
has been made to adjust them for recent changes. The 
higher voltage levels selected for parameters (360 and 
450 kv) are not necessarily standard voltages, as this 


study is made before standardization of the higher | 


voltage steps has as yet been realized. _ 
Several of the important possible variations in cost 
were carefully studied and considered in order to test the 


(1) The numbered references apply to items listed at the end of this article. 


Presented as a paper by the authors at the AIEE Summer General Meeting, 
June 9-13, 1947, at Montreal, Canada.—ED. 


This article is so paged that, without mutilating other articles, it can be 
conveniently removed for separate filing by tearing out pages 32 to 40.—EbD. 


different ways, the consistency of the results themselves 
is such that an over-all picture (Fig. 1) of the economics 
is obtained. 


The following assumptions and basis for analysis 
apply to both Parts I and II of this study: 


(1). Cost per mile of single-circuit transmission 
line given in Fig. 2. Only the cost for a line having a 
conductor resistance of 0.08 ohm per mi is used in 
Part I. Other studies indicate that, at high load 
factors and loadings, such a conductor is in the 
economic range even for the lower voltages (110 to 
230 kv). ‘ | 
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Fig. 2. Line cost per mile yg. transmission line kv 
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TRANSMISSION LINE KV 


Fig. 3. Average of sending- and receiving-transformer installed costs per 
kva vs. transmission line kv. High-voltage windings wye-connected and 
grounded. Less than normal reactance for higher voltage levels (360 and 


450 kv) 


(3). Installed circuit breaker position costs vs. 
transmission line kv are given in Fig. 4. These figures, 
when multiplied by 2, give the installed station cost 
per station per single transmission line circuit. This 
curve also was obtained by drawing a smooth curve 
through average representative costs at the standard 
and assumed standard voltage levels. 

(4). Synchronous condensers were taken as $6 
per kva installed at a kva rating 15 per cent above the 


receiving-end transmission line kvar requirements for 


correction to unity power factor of the receiver 
power at the receiving-end high-tension terminal. 
No additional transformer cost for this synchronous 
condenser capacity was assumed, since the receiving- 
end transformer tertiary would in general have 
sufficient capacity for the reactive kva requirements 
at or near the most economical transmission line 
loading. 


at 4 mills per kw-hr, 6580 equivalent hours, and 1.7 
per cent losses on their kva rating. 

(10). The capacity charge for the transmission 
line plus transformer power losses was assumed as 
$100 per kilowatt. 


(11). The annual charges for interest, deprecia- — 


tion, taxes, and maintenance were assumed to be 11.5 
per cent of the total investment cost. 


Part I: 200 to 600 Miles 

The stability limitations are more important for the 
longer distances. As a basis for the economic study of 
transmission in the range of 200 to 600 mi, the power 
transfer was taken equal to that which has an adequate 
steady-state stability margin with representative ter- 
minal impedances. No line compensation and 50 per 
cent line compensation were studied in detail. On the 
basis of this study, optimum costs are obtained with no 


compensation for distances up to about 200 to 300 mi, 


whereas 50 per cent compensation is the most economic 
for about 400 to 500 mi. Accordingly greater line com- 
pensation than 50 per cent would be required for lines 
above 500 mi long. However, it was not considered 
necessary to include this refinement of other degrees 


of line compensation in the study covered by this . 
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Fig. 5(2). Steady-state stability curves 
Es =ErR =1.0 ¥/x%=O0c1 
Base kva =base kw =(kv)? 
Line with synchronous terminal equipment. Generator plus transformer 
impedance =40 per cent on kilovolt-amperes at sending end of line. Receiving- 
end impedance (including transformer) =25 per cent on kilovolt-amperes at 
receiving end of line. Twenty-five per cent steady-state stability margin based 
on receiver power (PR). P and QO are active and reactive power, respectively, in 
per unit of (kv)*, the subscripts S and R indicating sending and receiving ends 
of the line, respectively. Vu is maximum voltage along the line under load. 
x =positive-phase-sequence reactance, ohms per phase per mile. 
b =positive-phase-sequence capacitive susceptance, mhos per mile. 
Effect of line compensation obtained by assuming infinite distribution and 
modifying x and b according to degree of series or shunt compensation, 
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Fig. 6. Mills per kwh vs. transmission line kv 
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Conductor resistance =0.08 ohm per mile 
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article, as such variations. have been thoroughly investj- 
gated previously (1%) in instances which show the 
desirability of increased compensation with increased 
distance. 


Specific assumptions applied to this case (Part l) in 
addition to the general assumptions of Part I and q] 
previously mentioned are: 


(1). Power transfer has 25 per cent steady-state 
stability-limit margin with typical terminal im- 
pedances (Fig. 5°). This will allow, in general, for 
the firm power transfer of lines so loaded when they 
are operated in parallel and provided with inter. 
mediate stations. 


(2). Intermediate switching stations were assum- 
ed to be located at every hundred miles so as to 
provide 100-mi line sections for switching. Also for 
comparison, the transmission costs were calculated, 
assuming no intermediate switching stations except 
those at the sending- and receiving-end terminals. 


Somewhat lower transmission costs would have been 
obtained by assuming a smaller steady-state margin 
corresponding to that of a single-circuit line without 
intermediate switching stations delivering power to a 
system with reserve system capacity sufficient to allow 


for a line outage in case of a fault. A reduction in 


energy transmission costs of about 10 per cent may be 
possible under such conditions for the longer lines. 


The equations following were used for determining 
the results shown in Figs. 6 to 9 inclusive. Fig. 10 shows 
the line loadings obtained from Fig. 5 for the cases of 
zero and 50 per cent line compensation. 
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Fig. 7. Mills per kwh vs. transmission line ky 


No line compensation 

Intermediate stations every 100 miles 
Load factor =50 per cent 

Annual charge =11.5 per cent 

x =0.8 ohm per mile 

b =5.2 X10-6 mhos per mile 

Conductor resistance =0.08 ohm per mile 
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Fig. 8. Mills per kwh vs. transmission line kv 


Line compensation =50 per cent 

No intermediate stations 

Load factor =50 per cent 

Annual charge = 11.5 per cent 

x =0.8 ohm per mile. 

b =5.2 X10-§ mhos per mile 
Conductor resistance =0.08 ohm per mile 


Investment in Dollars 
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Fig. 9. Mills per kwh vs. transmission line kv 


Line compensation =50 per cent 
Intermediate stations every 100 miles 
Load factor =50 per cent 

Annual charge =11.5 per cent 

x =0.8 ohm per mile 

b =5.2 X10-6 mhos per mile 
Conductor-resistance =0.08 ohm per mile 


I=DC,+(KrtKs) Crt+SCst1.15 X6Qr+100[P,+0.006(Ka+Ks)|+C. eal) 


Annual Charge in Dollars per Year 


A =al+3300X0.004P;+1.15 X 0.017 X 6580 X 0.0040r+0.006 X 4380 X0.004(Kr+K 5) (2) 


Energy Cost in Mills per Kilowatt-hour 


» eS 1000 A (3) 
where ~ 0.5X8760X Pr 

[I =total investment 

D =distance in miles 


Cr, =cost of line per mile (Fig. 2) 
Cr =installed transformer cost (Fig. 3) 
Cs =installed station cost per circuit (Fig. 4) 
C, =cost of series capacitor compensation 
0.008 RCD (a) 
es m(lev) 2 


Kr =receiving-end transformer kva = VJ (Pp)?+(Qr)? 


kK, =sending-end transformer kva= V/ (P;)?+ (Qs)? 
S  =number of switching stations 
— 2 for no intermediate stations 


= ( “+ i) for intermediate stations every 100 mi 
Or =receiving-end rkva (Fig. 5) 

Qs =sending-end rkva (Fig. 5) 

Ps, =sending-end kilowatts (Fig. 5) 

Pr =receiving-end kilowatts (Fig. 5) ° 

Pz, =power losses in kilowatts=P;—Pr 

R, =ratio of compensated length to total length of line 
Q;, =transmission line rkva losses=Qs+Qr 

A =annual cost in dollars 

a =per unit annual charge of total investment 

T =cost of energy transmission in mills per kwh 
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Part Il: 100 Miles 

Whereas stability is the chief limitation of the load- 
ing of the circuit for the longer distance, the most 
economic loading for 100-mi transmission will depend 
more upon the /?R and I?X losses. Because of this 
difference in limitations, the loading of the 100-m1 
transmission was varied to find the most economical 
point rather than assuming the loading to be determined 
primarily by the stability power limit. Also, for this 
reason, it was unnecessary to include the effect of line 
compensation. Two circuit-breaker positions per trans- 
mission circuit were assumed at both the sending and 
receiving ends, with no intermediate stations. Other- 
wise, for this case, the same general assumptions and 
conditions previously described were used. 


5 50% COMPENSATION 


Pp/2.5(KV)* 


Fig. 10. Ratio of received power to surge impedance loading 
[Pr/2.5 (kv)*] vs. transmission miles 
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Fig. 11(2). Real and reactive power loss with change in conductor re- 
sistance and loading for 100-mile line, equal sending- and receiving-end 
voltages 

=0.8 ohm per mile 

=5.2 X10-§ mhos per mile 


os 


No-load losses neglected 


The equations used for this part of the analysis are 
the same as those used for Part I, except in Equation 
(1) the receiving- and sending-end reactive kva was 
taken as equal to half the total line kvar loss or Or= 
Os=O,/2. Fig. 11°) gives the real and reactive power 
losses directly for a given receiver power for typical 
-100-mi transmission lines. 


Figs. 12, 13, and 14 show the transmission-line energy 
cost based on these conditions for variations in received 
power for r/x=0.1, 0.2, and 0.4, respectively. Fig. 15 is 
for the same conditions as those in Fig. 12, except the 
ordinate is in terms of (kv)? instead of Mw. As shown 
for this distance (100 miles) the optimum cost points 
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Fig. 13. Mills per kwh vs. receiver power in mw 


No line compensation x =0.8 ohm per mile 
Load factor =50 per cent b =5.2 X10-§ mhos per mile 
Annual charge =11.5 per cent Conductor resistance =0.16 ohm per mile 


occur at loadings appreciably above the surge imped- 
ance loading of 2.5(kv)?. 


Part lil: 200 Miles : 

This part summarizes the results of a study to de- 
termine some of the basic system-design factors which 
would give optimum performance for the transmission 
of 1,000,000 kw a distance of 200 mi. 

The transient-stability limits were assumed to be the 
determining limitation for the transmission of power a 
distance of 200 mi. A transient-stability study was 
made to determine the number of transmission-line 
circuits required for the transmission-line voltages of 
230, 287, and 360 kv for the system shown in Fig. 16. 
The equivalent circuit shown in Fig. 17 was set up to 
represent the system of Fig. 16. It is to be noted that all 
generators and transformers at the hydroelectric plant 
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Fig. 14. Mills perkwh 
vs. receiver power in 2 | 
mw . ; 


No line compensation 

Load factor =50 per 
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Annual charge = 11.5 
per cent 

x =0.8 ohm per mile 

b =5.2 X10-§ mhos per ls 
mile i 

Conductor resistance = 
0.32 ohm per mile 17 
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Fig. 15. Mills per kwh vs. receiver power in per unit kw 
Unit kw =(kv)? x =0.8 ohm per mile : 
No line compensation b =5.2 X10-§ mhos per mile 
Load factor =50 per cent Conductor resistance =0.08 ohm per mile 
Annual charge =11.5 per cent 


or sending bus are grouped as an equivalent single 


generator and single transformer. The transformers, 
loads, lines, generators, etc., in the load center and 
interconnecting network are assumed to be distributed 
over a wide area and are lumped as an equivalent 
receiving reactance at the receiving bus. It is assumed 
that the receiving network is of such capacity as to have 
in effect infinite inertia compared to the generating 


station. The circuit breakers are assumed to have three-- 


cycle opening time plus approximately one cycle for 
relaying time. High-voltage bussing rather. than low- 
voltage bussing was used, because of the greater 
stability and operating flexibility. No bus-sectionalizing 
breakers were included in the cost analysis; however, a 


TABLE I: CIRCUIT PARAMETERS OF 200-MI 
TRANSMISSION SYSTEM 


System at rl Ye XI Ri %e/2 
Volta e (Ohms (Ohms (Mhos (Ohms (Ohms (Mhos 
(KV) per phase|per phase/per phase per per per 
per mile) | per mile) | per mile) | phase) phase) phase) 

x10-6 X<10-3 


930 ~=«| «0.754 | 0.12 | 5.48 | 147 | 99.7 | 0.543 
oxy |o.754 | 0.12 | 547 | 147 | 299.7 | 0.547 
360 |0.75 | 0.12 | 541 | 148 | 92.7 | 0.541 


Per Unit Values 
Base Kva =1,000,090 


Critical 

Switch 

Base Inertia Time 

Voltage| Xz Ry Ve/2 | Xa eee) Xp oe. (Seconds) 

(KV) Ht 

0.50 

930 | 2.78 | 0.428 | 0.029 | 0.380} 0.10 | 0.20} = 3.5 | 0.068 
P0220 


0.30 0.20} 3.5 | 0.068 
287 | 1.79 | 0.276 | 0.045 0.20 0.138 030| 5 0.10 


360 | 1.14 | 0.175 | 0.071 oe 0.15] 0.20] 3.5 | 0.068 


Mem UE SUNS OM sk RI A | E 
Ry =0.008 per unit on 1,000,000 kva, (Assumed value of resistance between 

voltage behind transient reactance and fault point at receiving bus during 

fault period.) 
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Fig. 16. Schematic arrangement of equipment for study of the trans- 
mission of 1,000,000 kw a distance of 200 mi 


circuit breaker was included for each generator and 
transformer. Accordingly, the number of breakers used 
in an actual case may be more or less than the number 
assumed in this study. Bus reactors to reduce short- 
circuit currents were not used since modern circuit 
breakers of 5,000,000 kva interrupting capacity can be 
expected to satisfy the short-circuit kva requirements 
of this system. The system disturbance for determining 
the transient-stability power limit was taken as a three- 
phase fault occurring in front of one of the line circuit 
breakers at the sending bus and the subsequent switch- 
ing out of the faulted line section a-d or a-b in Fig. 17. 

In Table I are recorded the circuit constants. Where 
more than one value is given, calculations were made 
for the variation in parameters indicated. 
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Fig. 17. Equivalent diagram of system of Fig. 16 for transient stability 
study 
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Fig. 18. Transient stability power limit vs. critical Switching time 
1 OO Oe Ye plant ae =0.30 per unit 
287 kv-—6 lines _ =generator inertia constant in kw s 
X'q =0.30 per unit Base kva =base kw =108 mops kve 
X;=0.13 per unit 
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Fig. 18 shows a typical transient-stability power 
limit vs. critical-switching-time curve. From numerous 
curves similar to that shown in Fig. 18, Fig. 19 was 
derived. Included in Fig. 19 are curves of the approxi- 
mate surge impedance or unity power factor loading of 
the lines at the various voltage levels based on the 
receiving bus voltage. 3 


The results included in Fig. 19 indicate: 


(1). That five lines at 360 kv, 6 lines at 287 kv, 
and 8 lines at 230 kv will be required with 4 cycles 
fault clearing and with generators having a transient 

- reactance of 30 per cent and an inertia constant of 
3.5 kw-sec per kva 

(2). That increasing the inertia constant from 3.5 
to 5, or 43 per cent, produces an increase of transient 
stability power of about 3 per cent 


(3). That decreasing the generator transient 
reactance from 30 per cent to 20 per cent increases 
the transient-stability power about 10 per cent and 
permits the elimination of one transmission line for 
all three voltage levels 


(4). That increasing the equivalent receiving 
reactance from 20 per cent to 30 per cent decreases 
the transient-stability power about 10 per cent 


(5). That increasing the switching time or dura- 
tion of fault from 0.068 sec to 0.1 sec, or 47 per cent, de- 
creases the transient stability power about 12 per cent 


(6). That using an intermediate switching station 
such that one half of a line is switched out instead of 
one line increases the power limit by 8 per cent and 
allows the elimination of one line for all three voltage 
levels 


(7). That eight lines operating at 230 kv with a 
generator transient reactance of 30 per cent have a 
transient-stability power limit, when switching out 
one line, equal to the surge impedance loading of all 
of the lines; similarly for five lines operating at 287 
kv with a generator transient reactance of 20 per cent. 


Fig. 20 was obtained for a power received of approxi- 
mately 970,000 kw, showing the number of lines required 
with no intermediate switching stations and the num- 
ber of lines required with one intermediate switching 
station, as a function of system voltage. The three 
system voltages chosen lie on the knee of each curve, 
indicating that they are in the region of the most 
economic cost for transmission. 


An installed cost comparison of transmission systems 
with and without intermediate stations is shown in 
Fig. 21, with generators of X’a=30 per cent and H =3.5 
kw-sec per kva, and with a receiving system reactance 
of 0.20. Transmission line, installed transformer, and 
installed circuit breaker costs correspond closely to that 
given in Figs. 2, 3, and 4. 

A cost comparison of systems using different gen- 
erator transient reactances indicate that 20 per cent 
rather than 30 per cent is fully justified economically. 
The lower generator reactance system requires one less 
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Fig. 19. Power received vs. number of lines for transient stability 


1,000,000-kva plant 

Base kva =base kw =105 ; 
Initial sending bus voltage =1.0 per unit | 
Initial receiving bus voltage =0.957 per unit 


transmission line than the system using the higher value 
of generator reactance (X’¢=0.30). 

Although this analysis was made on a somewhat 
different basis than that observed in Parts I and II, it 
indicates not much difference in transmission cost for 
the three voltages of 230 kv, 287 kv, and 360 kv with a 
slightly lower cost for 287 kv. 


TABLE [I 


SURGE IMPEDANCE LOADINGS PER CIRCUIT 
OF TYPICAL TRANSMISSION LINES* 


Line Kv sires Padaace 
Loading in Kilowatts 
115 33,000 
138 47,600 
161 65,000 
194 96,000 
230 132,000 
287 206,000 
360 324,000 
450 505,000 


_ *Surge impedance taken equal to 400 ohms per phase to neutral resulting 
in surge impedance loading in kilowatts =2.5(kv)?. 


Acknowledgement 

The authors wish to acknowledge the assistance given 
to them by Mrs. Doris Stupp and Miss Doris Bryant 
for making the calculations. 


July, 1947 


Conclusions | 
Based on the results of this study, the following con- 


clusions have been drawn: 


@).. Phe cost ot alternating-current energy trans- 
mission given in Fig. 1 may be attained by rational 
transmission system design for power transfers of 
200,000 to 350,000 kw per circuit, for a load factor of 
50 per cent, and an annual charge on investment of 
11.5 per cent. Higher load factors or lower annual 
charges will reduce the transmission costs. Since 
energy transmission costs are chiefly those of invest- 
ment, the cost is almost inversely proportional to the 
load factor and almost directly proportional to the 
annual charge. 


(2). Line compensation by either series capacitors 
or special intermediate synchronous condensers 
becomes desirable for straightaway transmission dis- 
tances exceeding 200 to 300 mi. Below these dis- 
tances, line compensation does not appear to be 
justified. 


(3). The 287-kv voltage level is about the most 
economical for power transfers of 200,000 kw per 
circuit for straightaway distances of 300 m1 and for 
higher loadings at shorter distances up to 350,000 kw 
per circuit for 100 m1. 


(4). The 360-kv voltage level is about the most 
economic voltage for distances in the range from 300 
to 600 mi when line compensation is used for power 
transfers of 300,000 to 350,000 kw per circuit. 


(5). The difference in energy transmission costs 
for any two voltage levels near the optimum is 
relatively small even for the same power transfer and 
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Fig. 20. System stability requirements. Number of lines vs. system 
voltage 
1,000,000-kva plant 


200 miles transmission distance 
Power at receiving bus =970,000 kw approx 
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Fig. 21. Installed cost of transmission systems 


XR =0.20 per unit Pr =per unit transient stability received power limit 
X'a =0.30 per unit 

H =3.5 per unit 

Pz=per unit surge impedance loading 

Base kva =base kw =108 


becomes practically inconsequential when the opti- 
mum economic loadings for each of the voltages are 
used. 


(6). Theterminal-transformer costs approach that 
of the transmission line when the line length is in the 
range of 100 mi. 


(7). Transformer costs limit the use of higher 
voltages than 360 to 400 kv for the shorter distances, 
whereas for the longer distances, up to 600 mi, circuit- 
breaker costs, as well as transformer costs, limit the use 
of higher voltages when intermediate stations are used. 


(8). Operation of high-voltage systems with 
grounded neutrals materially reduces the trans- 
mission costs by allowing for the use of the next 
lower level of transformer insulation as well as reduc- 
ing the transmission-line costs. 


(9). The lower-resistance conductors result in 
generally lower transmission costs over a greater 
range of loads even for load factors as low as 50 per 
cent. Also, since the larger conductors have a greater 
emergency loading, they, in general, will be preferred. 


(10). The most economic kilowatt loading varies 
from 60 per cent above the surge impedance loading 
at 100 mi (uncompensated line) to about the surge 
impedance loading 2.5 (kv)? for a distance of 600 mi 
(compensated line). Table II gives representative 
surge impedance loadings. 


(11). Hydroelectric generators and their step-up 
transformers delivering power to long-distance trans- 
mission systems can justifiably be built with lower- 
than-normal reactance. 


(12). Multiple transmission lines with more or 
less parallel rights of way used for firm power supply 
can justify economically intermediate switching 
stations located every 100 mi. 


(13). Electrical energy transmission at high load 
factors in substantial amounts (of the order of 200,000 
to 350,000 kw per circuit), making full use of present- 


(Continued on next page) 
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day knowledge and equipment, becomes more com- 
petitive than formerly with other methods of trans- 
porting energy and can be expected to be accorded a 
correspondingly renewed interest. 


(14). Systems are now entering a stage in their 
development where added generating capacity will 
be located at relatively greater distances from the 
utilization areas. The economics of power trans- 

mission will therefore be in the direction to encourage 

the development of large generating stations for 
connection to well integrated systems so that the 
transmission may be accomplished at high circuit 
loadings and load factors. ; 
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BASIC PROCEDURES IN MOTOR CONTROL 
Part III: Amplidyne Control Circuits 


By G. W. HEUMANN 


‘Administrative Assistant, Control Engineering Division, 
Apparatus Department, General Electric Company 
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ECAUSE of their high amplification factor and 
speed of response, amplidynes) can be used 
advantageously as regulators in closed-cycle 

control systems.* The power required for the excitation 
of amplidyne fields is so small that the drain on the 
system to be regulated is negligible. Regulating circuits 
can be devised which not only obtain a desired operat- 
ing quantity for a given load condition, but which 
maintain such quantity over a wide load range. This 
requires circuits which are quite different from the 
control circuits heretofore described. 

Most amplidynes in industrial applications are used 
to excite generators of adjustable-voltage systems to 
obtain a certain desired motor performance. Most 
commonly, it is their purpose to maintain speed inde- 
pendent of load or to vary speed as a function of some 
other operating quantity. Several amplidynes for indus- 
trial applications are shown in Fig. 38. 

The accuracy of a regulating system is defined, in 
terms of sensitivity, as the maximum deviation by which 
the actual performance quantity can depart from the 
standard without initiating regulating action. In indus- 
trial control systems, sensitivities of +1 per cent and 
+ 2 per cent are commonly obtained with straight ampli- 
dyne circuits, which respond to correction signals of a 
few watts. Higher sensitivities can be realized by using a 
second amplidyne as an amplifier, or by introducing an 
electronic amplifier ahead of the amplidyne. Such sys- 
tems are able to respond to correction signals as low as 
+(0.5 per cent of the quantity to be regulated. 

Speed of response is the time required to reach a final 
correction and depends on the time constant of the 
regulating circuit and the combined time constant of 
the system. In an adjustable-voltage-control system, 
the generator field has a time constant which determines 
the rate of change of its flux, and consequently of 
generator voltage, after the voltage impressed on the 
generator field has been changed. Likewise, the me- 
chanical time constant of the motor and its connected 
inertia. load determines the rate of change in speed 


(8)“‘Industrial Applications of Amplidyne Generators,’’ by D. R. Shoults, 
M. A. Edwards, and F. E. Crever, GENERAL Etectric REview, March, 1940. 

“The Amplidyne, A New Tool of Many Uses,’”’ by F. Mohler, Iron and 
Steel Engineer, September, 1940. 

“Versatile Amplidyne Control for Electric Shovels,’”’ by D. Stoetzel, 
Engineering and Mining Journal, November, 1942. 

“Fundamental Principles of Amplidyne Applications,’”’ by F. E. Crever, 
Trans. AIEE, September, 1943. % 

“Improved Control of Runout Tables,’’ by B. Starie, Iron and Steel 
Engineer, July, 1944. 


The Amplidyne System of Control,” by E. F. W. Alexanderson, M. A.. 


Edwards, and K. K. Bowman, Proceedings of the I.R.E., September, 1944. 


* In a closed-cycle control system, a standard is established which de- 
termines the operating quantity to be maintained (for instance, voltage of a 
generator or speed of a motor), and against this standard is balanced a signal 
which measures the actual operating quantity. A deviation of the actual 
operating quantity from the standard initiates a corrective action designed to 
minimize the deviation from the standard. 

————————————————————————— —— eee 
This article is so paged that, without mutilating other articles, it can be 
conveniently removed for separate filing by teazing out pages 41 to 48.—Ep. 
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consequent to a change in motor voltage. Thus the 
speed of response of a system is not determined by the 
speed of response of the regulating circuit alone; the 
combined electrical and mechanical time constants of 
the system components must be considered also. 

The speed of response of the amplidyne regulating 
circuit itself depends on the rate of amplification used 
in the system and on the circuit design. Generally 
speaking, the speed of response of conventional ampli- 
dyne regulating circuits is of the order of 0.20 to 0.30 
sec. Increasing the amplification increases the time of 
response, although the addition of vacuum-tube 
amplifiers or amplidyne amplifiers adds very little to 
the delay in the regulating circuit. 

To illustrate the practical significance of accuracy 
and speed of response, consider a flying shear in a steel 
mill. Accuracy of control of the shear-motor speed 
determines the uniformity in length of the cut bars. 
Speed of response governs the recovery of motor speed, 
which drops under the impact of the load at each cut 
of the shear. 


Overexcitation 

Forcing, or initial over-exciting, of the amplidyne is 
provided as an inherent feature in a satisfactory regu- 
lating system to obtain fast response at the instant of 
starting or when major changes in speed are required. 


This is of importance on intermittent drives. At the 


instant of starting, maximum deviation exists between 
the operating quantity (i.e., speed zero) and the stand- 
ard. The excitation applied to the controlled field is a 
multiple of the excitation required to sustain that field, 
so that a fast build-up is obtained. Most applications 
use forcing of three to four times normal field current, 
although on regulating systems requiring a high degree 
of accuracy, forcing as high as 20 times normal field 
current has been used. 


Fig. 38. Typical examples of amplidynes for industrial use. The two units in 
the center are dynamic-braking exciters for flywheel motor-generator sets; 
those on the outside are motor-driven amplidynes for mine-hoist ‘control 


Stabilizing 

Whether a regulator hunts depends not only on the 
regulator itself but on the electrical and mechanical 
constants of the whole system which is regulated. 
Inductance, capacitance, and resistance, as well as 
inertia and friction, have an effect. Analytical methods 
have been proposed to determine whether a given 
system will hunt. Such calculations are quite com- 
plicated and cumbersome. Often it is impossible to 
determine accurately the system constants entering 
into the calculations. For practical purposes, it is 
rather difficult to calculate rigorously by pure analysis 
whether a given system will hunt. 

In designing a regulating circuit, past experience and 
calculations based on data gathered by tests on installa- 
tions largely govern the engineer’s judgment as to 
whether hunting 1s to be expected. The best method to 
safeguard against hunting is to provide certain features 
in the control system which make it possible by proper 
adjustment to stabilize the system should hunting occur 
after the equipment has been placed in service. 

Generally speaking, the higher the accuracy of the 
regulator and the faster its speed of response, the 
greater is the probability that the system will hunt. 
Any regulator can be stabilized by desensitizing it, 
that is, by reducing its sensitivity and speed of response. 
Desensitizing should be avoided if at all possible, as it 
reduces the quality of the regulator. 

Most anti-hunting, or stabilizing, systems make use 
of a feed-back signal which is proportional to the rate 
of change of the regulator output and which is intro- 
duced into the regulator circuit in such a sense as to 
oppose the change in output. Anti-hunting retards the 
change in output of the regulator and minimizes the 
tendency to overshoot, without affecting the ultimate 
output quantity and with only a slight decrease in the 
speed with which the steady-state output is reached. 

In an amplidyne, a separate anti-hunt field is pro- 
vided which opposes the action of the control field or 
fields, and which derives its excitation from the rate of 
change of the amplidyne output voltage or from the 
rate of change of some other system quantity. Shown in 
Fig. 39 are some commonly used anti-hunt field connec- 
tions; only the anti-hunt field is indicated, the control 
fields being omitted. 

In Fig. 39(a) the primary winding of an anti-hunt 
transformer, which resembles the stabilizer of a voltage 
regulator, is connected through an adjusting resistor to 
the output terminals of the amplidyne armature. The 
anti-hunt field is connected to the secondary winding 
of the transformer. As long as the output voltage is 
constant, no voltage is induced in the transformer 
Secondary winding, and no current flows through the 
anti-hunt field. When the amplidyne output voltage 
changes, a voltage proportional to the rate of change of 
the output voltage is induced in the transformer 
secondary winding. Consequently, a current flows 
EE ae 
output voltage ee oe. ‘ee 

polarity 18 so chosen that the 
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ampere-turns of the anti-hunt field oppose the ampere- 
turns of the control field which calls for the change in 
output voltage. Thus, the anti-hunt field opposes too 
rapid a change in output voltage. An adjusting resistor 
permits varying the ratio between rate of change of 
output voltage and ampere-turns of the anti-hunt field. 

In Fig. 39(b) the anti-hunt field is connected to the 
output terminals of the amplidyne armature through 
the adjusting resistor and a capacitor. With constant 
output voltage, no current flows through the capacitor. 
When the output voltage changes, a charging’ curtent 
proportional to the rate of change of output voltage 
flows through the capacitor, and consequently through 
the anti-hunt field. The magnitude of the current 
through the anti-hunt field and the time constant of the 
anti-hunt circuit can be varied by the adjusting resistor. 
Electrolytic capacitors are used, as a capacitance of 
the order of 600 to 1200 fd is required to obtain effec- 
tive anti-hunting. | 

The circuits in Figs. 39(a) and 39(b) are often used, 
and their electrical performance is equivalent. A limita- 
tion of the capacitor circuit in Fig. 39(b) is that indus- 
trial-type electrolytic capacitors for voltages above 300 
volts are not available, which precludes their use if the 
amplidyne output can rise above 300 volts. 

On highly accurate regulating systems, the circuits 
in Figs. 39(a) and 39(b) may not obtain the proper anti- 
hunting effect because of the time delay between a 
change in atnplidyne output and its effect on the de- 
sired system output, or because the phase relation of the 
anti-hunt signal with respect to the system change may 
not be correct. To overcome this effect, an additional 
current proportional to the rate of change of a system 
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Fig. 40. Connections for d-c generator-voltage control 


output voltage is introduced in the anti-hunt field 
circuit. An example of such a special anti-hunt circuit 
is shown in Fig. 39(c). The anti-hunt field is connected 
to the secondary winding of a transformer which is 
connected to the amplidyne output circuit as in 
Fig. 39(a). Connected in series with the anti-hunt field is 
the secondary winding of a second transformer, the 
primary winding of which is connected through the 
adjusting resistor to a voltage proportional to a system- 
output quantity. This may be the voltage of a d-c gen- 
erator, the field of which is excited by the amplidyne; 
it may be the voltage of a tachometer measuring the 
speed of the motor which is controlled by the ampli- 
dyne; or it may be a voltage drop proportional to the 
armature current of a motor. In some applications the 
transformer connected to the amplidyne output has been 
omitted, thus making the anti-hunt field respond only 
to the rate of change of some system output voltage. 


D-c Generator-voltage Contro! 

In adjustable-voltage control systems the amplidyne 
is used to supply excitation to the d-c generator field, 
whereas the motor field is usually held at a fixed excita- 
tion from a constant-potential exciter. Motor speed is 
controlled by controlling the generator voltage through 
varying the generator field excitation. When require- 
ments of accuracy of maintaining motor speed are not 
too exacting, it suffices to regulate the generator volt- 
age and to allow the natural drop of motor speed under 


load to take place. Thus the control problem consists. 


in devising suitable control means for the amplidyne 
control field which governs the generator voltage. 

In Fig. 40(a), the voltage impressed on the amplidyne 
control field is the difference between a constant 
reference voltage (the standard) and a portion of the 
generator voltage. This difference produces sufficient 
current through the control field to maintain the 
generator voltage. | 

The standard voltage is taken from a constant- 
voltage source of direct current, and its magnitude 


July, 194'7 


can be varied by the adjusting rheostat which permits 
a portion of the constant d-c voltage to be applied to the 
regulating circuit. A voltage signal directly proportional 
to the generator voltage is taken off a potentiometer 
connected across the generator terminals. This voltage 
is fed into the regulating circuit with such a polarity 
that it opposes the reference voltage. With the generator 
operating at a certain voltage level corresponding to the 
setting of the adjusting rheostat, a generator-voltage 
increase over-balances the reference voltage, and the 
current through the control field is reduced; this 1n turn 
reduces the generator excitation. Likewise, when the 
generator voltage drops, the voltage signal is over- 
balanced by the reference voltage, the current through 
the control field is increased, which increases the gen- 
erator field excitation. Thus the amplidyne regulates 
the generator voltage, and the accuracy of regulation 1s 
determined by the differential between generator volt- 
age and reference voltage which is required to maintain 
current flow through the control field. 

Forcing is inherent in this control system. When the 
adjusting rheostat is turned from one voltage setting to 
another, the current through the control field is increas- 
ed to several times its normal value, since the differen- 
tial voltage producing the field current is several times 
its normal value. This means that the change in ampli- 
dyne voltage becomes several times the voltage change 
required to bring about the change in generator field 
excitation from one level to another level. The time 
required to effect a generator field change, correspond- 
ing to the desired generator voltage change, can thus be 
reduced effectively. 

It is not always possible to use a. constant-voltage 
d-c source as a reference, because there may be reasons 
why it is undersirable to tie one side of an exciter to the 
generator circuit. In practically all plants, an a-c supply 
system is available, the voltage of whichis fairly constant. 
Fig. 40(b) indicates how a rectified a-c voltage can be 
used as a reference voltage. To compensate for possible 
variations in line voltage, aconstant-voltage transformer 
holds the voltage across the rectifier constant. A capac- 
itor is included to smooth the rectifier output voltage. 

One side of the adjusting rheostat is tied to the gen- 
erator armature circuit and isthus subjected to generator 
potential to ground. When generators with a high 
terminal voltage are involved, say above 300 volts, 
this may be objectionable from the point of view of 
safety. The tie between the generator armature and the 
control circuit can be avoided by the use of two control 
fields which buck each other. 

The latter system is shown in Fig. 41. The reference 
field, which establishes the standard, is connected 
through the adjusting rheostat to a constant-potential 
d-c source. Either a constant-potential exciter or a recti- 
fier and constant-voltage transformer can be used as a 
reference source. The current, and thus the ampere- 
turns, of the reference field are a fixed quantity, but one 
which can be varied by the adjusting rheostat. A volt- 
age field is connected across the generator terminals. 
Its current and ampere-turns are proportional to 
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generator voltage. The polarities are so chosen that the 
reference field and the voltage field are opposing. 
The amplidyne-armature voltage is thus proportional 
to the net differential between reference voltage and 
generator voltage. 


Any departure of generator voltage from the set value: 


causes a change in the net excitation of the amplidyne 
which brings about a corrective action by a change in 
generator field excitation. The polarity of the generator 
is determined by the direction of current in the reference 
field. Upon starting, or when a change is made in the 
adjusting-rheostat setting, forcing takes place auto- 
matically, because the differential in ampere-turns 
between reference field and voltage field becomes a 
multiple of its normal value, and continues until the 
voltage field establishes a balance. 


Current Control 

Control of armature current is required when 
adjustable-speed shunt motors are used for variable- 
torque loads, as in driving winding or unwinding reels. 
As the diameter of the reel changes, it is necessary to 
adjust the motor field excitation so as to keep its arma- 
ture current constant, which in turn means that the ten- 
sion on the material being reeled is kept constant. In this 
application the amplidyne is used as a current regulator. 

Shown in Fig. 42 is a simple amplidyne current 
regulator for a shunt motor, operating from a source of 
constant or adjustable d-c voltage. The amplidyne 
armature is connected in series with the motor shunt 
field. The amplidyne has two control fields. The refer- 
ence field is connected to a constant potential d-c source 
and Provides a fixed amount of ampere-turns. The 
current field is connected through a blocking resistor 
and the adjustable rheostat across a resistor that is in 
series with the motor armature. The voltage drop across 
this series resistor is a measure of the motor armature 
current. Thus the ampere-turns supplied by the current 
field are proportional to the motor armature current. 
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Fig. 42. A simple amplidyne-regulator 
circuit, used in current control 
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The net excitation of the amplidyne, which governs 
direction and magnitude of the amplidyne voltage, is 


the difference in ampere-turns between the current and 


the reference fields. With only the reference field excited, 
the direction of the amplidyne voltage is such as to 
oppose the voltage across the motor field circuit, thus 
calling for maximum weakening of the motor field. 
For driving winding reels, motor speed is high at the 
beginning of the winding cycle. As tension is picked up, 
the motor current increases, increasing the voltage drop 
across the resistor in series with the motor armature 
(Fig. 42). When this drop exceeds the voltage against 
which it is balanced by the adjusting rheostat, current 
begins to flow through the current field, which opposes 
the reference field. As the motor armature current 
increases, the amplidyne voltage decreases, and may 


even reverse. T’his strengthens the motor shunt field 


and reduces the motor speed. Likewise, when the motor 
armature current drops below the set value, the effect of 
the current field is reduced, the motor field is weakened, 
and the motor speed is increased. 


Current-limit Control 

During acceleration and deceleration of a drive 
between speed levels, it is important that the motor 
and generator armature current shall not exceed the 
commutating limit of the machines. Current-limit 
control of an adjustable-voltage system prevents the 
current in the loop circuit between generator and motor 
from rising beyond a predetermined value, but is inoper- 
ative as long as the current stays below the limit value. 

Current-limit control is used in conjunction with 
generator voltage or speed control. If during accelera- 
tion the ioop-circuit current exceeds the set limit, the 
generator field is weakened to prevent too rapid a rise 
in generator voltage. On the other hand, if the loop- 


circuit current exceeds the set limit during deceleration, . 


the generator field is strengthened to prevent too rapid 
a decay of generator voltage. A separate current-limit 
control field may be used, or current-limit control may 


_be superimposed on the voltage or speed-control field. 
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In Fig. 43 is shown a current-limit control circuit 
using a separate current-limit field. The commutating 
fields of the generator and the motor are connected in 
series, and the voltage drop across the commutating 
fields is used as a measure of the loop-circuit current. Tk 
the commutating field resistance is too low to obtain a 
sufficiently high drop, a loading resistor may be added 
in the loop circuit. A reference voltage is obtained from 
either a constant-voltage d-c source or from an a-c 
source through a constant-voltage transformer and 
rectifier. The reference voltage is loaded into the 
adjusting resistor. The midpoint A of this resistor is 
connected to the generator armature. Adjustable taps 
B and C on either side of the mid-tap are connected 
through blocking rectifiers to one side of the current- 
limit field. The other side of this field is connected to the 
motor armature. : 

In Fig. 43, the polarity of the loop circuit during 
acceleration is indicated by the solid plus and minus 
signs. As long as the drop across the commutating 
fields is less than the drop between A and B on the 
adjusting resistor, no current flows through the current- 
limit field. As soon as the loop-circuit current rises to 
such a value that the voltage drop across the commutat- 
ing fields becomes greater than the drop between points 
A and B, current flows through the current field tn the 
direction of the solid arrow. The polarity of that field is 
such as to oppose the rise in amplidyne armature voltage, 
thus delaying the build-up in generator field excitation. 

During deceleration, the direction of the loop-circuit 
current reverses, and the polarity of the loop circuit is 
indicated in Fig. 43 by the dashed plus and minus signs. 
When the voltage drop across the commutating fields 
exceeds the drop between points C and A, current flows 
throvgh the current-limit field in the direction of the 
dashed arrow. This effect opposes the reduction in 
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Fig. 43. A current- 
limit control circuit in 
which a separate cur- 
rent-limit field is used 


Fig. 44. Method of 

superimposing current- 

limit control on a volt- 
age control field 


amplidyne armature voltage and thus the decay in 
generator field excitation. By shifting taps B and C on 
the adjusting rheostat, a different current-limit setting 
can be obtained for acceleration and deceleration. 

Fig. 44 illustrates a method of superimposing current- 
limit control on a voltage-control field. A constant- 
voltage d-c source is used as a reference. Voltage control 
is obtained by matching a reference voltage, between 
the adjustable tap of the voltage-adjusting rheostat and 
point A of the current-limit resistor, against the voltage 
drop across part of the voltage resistor into which the 
generator voltage is loaded. The current through the 
control field is determined by the net difference between 
reference voltage and generator voltage. Current flows 
through the control field in the direction of the solid 
arrow when the polarity of the commutating fields is 
as indicated by solid plus and minus signs. 

Current-limit control is obtained by superimposing 
on the control field the net difference between the 
voltage drop across the generator and motor commu- 
tating fields and the reference-voltage drop across the 
current-limiting resistor. The control-field-current 
component, resulting from the current-limit element, is 
indicated by dashed arrows (Fig. 44). The polarity across 
the commutating fields during acceleration is indicated 
by solid signs, and the drop between A and B governs 
the current limit and opposes the effect of voltage con- 
trol and build-up of amplidyne armature voltage. 

The polarity across the commutating fields during 
deceleration is indicated by dashed signs. The drop 
between points C and A then governs the current limit, 
and the current-limit component of current through the 
control field adds to the effect of voltage control; thus 
the amplidyne net excitation is strengthened and the 
decay of generator armature voltage is opposed. 
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Fig. 45. Essential elements of a reversing plugging controller 


Reversing Plugging Control 

In a complete controller, the several control elements 
described in the preceding paragraphs are combined into 
a complete system. As an example, the essential ele- 
ments of a reversing plugging controller are indicated in 
Fig. 45. The amplidyne, which excites the field of the 
generator, is equipped with four control fields, the net 
ampere-turns of which determine the total excitation, 
and thus the terminal voltage, of the amplidyne. It is 
assumed that the motor field is excited from a constant- 
voltage source. A master switch, which controls con- 
tactors F and R, is used to select direction of motor 
rotation. Positive polarity of the generator is marked 
for both directions of rotation. Direction of current flow 
through the control fields is indicated by solid arrows for 
forward travel, and by dashed arrows for reverse travel. 

The reference field is connected to a constant-voltage 
d-c source through reversing contactors F and R. The 
magnitude of the reference-field current establishes the 
standard for the generator voltage. The direction of the 
field current determines the polarity of the amplidyne 
and consequently the polarity of the generator. The 
motor is reversed by reversing the reference field. With 
the master switch in the Orr position, the reference 
field is connected to the amplidyne armature through 
normally closed contacts on contactors F and R with 
such a polarity as to oppose the excitation which is pro- 
ducing the amplidyne output voltage. This establishes a 
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neutralizing or “‘suiciding’’ circuit, to reduce the regj_ 
dual magnetism in the reference field to zero, which jn 
turn reduces the amplidyne terminal voltage to zero 
when the drive is stopped. The generator voltage jg 
regulated by the voltage field, which is connected to the 
generator armature in such a direction as to buck the 
reference field. To obtain correct flow of current through 
the voltage field during plugging, blocking rectifiers are 
connected to the contacts on F and R in series with the 
voltage field. 

The current-limit field 1s so connected that its cur- 
rent is determined by the net difference between the 
voltage drop across the generator and motor commu- 
tating fields, and a constant reference-voltage drop. 
During acceleration, as well as during plugging, the 
current-limit field prevents excessive build-up of gen- 
erator armature current, and thus limits the motor 
torque. In Fig. 46 the volt-ampere characteristic of the 
generator, which corresponds to the speed-torque char- 
acteristic of the motor, is shown and applies to a certain 
setting of voltage and current-limit control. It is rep- 
resentative of the kind of characteristic that can be 
obtained with amplidyne control. Changes in details of 
the control circuits may vary the shape of the curve some- 
what, especially the slope of the current-limit cut-off. 
Varying the amount of resistance in series with the refer- 


ence or control field changes the horizontal portions of 


the curve. As shown, the curve represents a boundary con- 
dition, and inside the loop any speed-torque point can be 
established by proper adjustment of the voltage control. 

The anti-hunt field shown in the foregoing circuits is 
used to stabilize the amplidyne. Although this trans- 
former-stabilizing has.been employed in these examples, 
either capacitor or special anti-hunt connections could 
be used. | 

The circuit shown in Fig. 45 isindicative of the manner 
in which various circuit elements are combined into anin- 
tegrated controlsystem. Many combinations are possible 
and practical. Conversely, any complicated control sys- 
tem can be broken down into a series of simple circuits 
superimposed on each other to obtain the desired con- 
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Fig. 46. Volt-ampere characteristics of the generator used in the 
reversing plugging controller 
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a trol effect, with each field responding to a definite signal 


or combination of signals obtained from the system. 


Speed Control 

In the preceding paragraphs, control connections are 
described by which electrical quantities, such as gen- 
erator voltage or current, are regulated. Certain appli- 


TACHOMETER 


ARMATURE 


MOTOR 
ARMATURE 
<_— 


AMPLIDYNE 
ARMATURE 


CONTROL FIELD 


ADJUSTING 
RHEOSTAT 


TO CONSTANT VOLTAGE 
D.C. SOURCE 


cations require that motor speed itself be regulated to 
compensate for the natural drop in motor speed that 
accompanies an increase in load. This requires that a 


signal which is a direct function of motor speed be fed _ 


into the regulating circuit. Usually a tachometer gen- 
erator is coupled to the motor, which produces a d-c 
voltage proportional to speed. 

A simple speed-control circuit is shown in Fig. 47. 
The output voltage of the tachometer is loaded into a 
resistor, and a portion of the voltage drop across that 
resistor is used as the speed signal. The reference voltage 
is obtained from a constant-voltage d-c source. A por- 
tion of the d-c voltage is used as the standard against 
which the speed signal is balanced. The current through 
the amplidyne control field is proportional to the net 
difference between the reference voltage and the speed- 
signal voltage. Direction of the control-field current is 
indicated by the arrow in Fig. 47. Motor speed is set by 
the adjusting rheostat. 

Speed control may be superimposed on a conventional 
generator voltage-control circuit to obtain increased 
accuracy. The voltage control is so adjusted that it 
alone would produce a higher amplidyne voltage than is 
required for the desired motor speed. The separate 
speed-control field then reduces the net exc:tation of the 
amplidyne so as to maintain the generator woltage at 
the required values to obtain constant motor speed. 

Some applications require that a definite speed rela- 
tionship be maintained between two motors in a process 
line. Each of the two motors is then equipped with a 
tachometer generator, and the difference in voltage be- 
tween the two tachometers is used as a signal. One 
motor is the master, whose speed is controiled by the 
operator. The second motor is the follower, and its 
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Fig. 47. A simple speed- 
control circuit using a 
tachometer generator to 
produce the speed signal 


> 


Fig. 48. Essential control 
circuit of an arc-furnace 
electrode regulator 


amplidyne is provided with a speed-control field which 
responds to the difference in tachometer voltages and 
thus corrects for any deviation in the speed of the 
follower motor from the speed of the master motor. 
The sensitivity obtainable with a speed-regulating 
system depends on the accuracy of the tachometer and 
on the minimum deviation of tachometer voltage to 
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which the regulator responds. Increased sensitivity can 
be obtained by using an electronic amplifier to magnify 
the speed signal which is fed into the amplidyne control 
field circuit. 


Positioning Control 

Amplidynes can be used to maintain a mechanical 
part in a definite position as a function of one or more 
quantities which can be translated into electrical sig- 
nals. The amplidyne is then used as an adjustable-volt- 
age generator, feeding the armature of a shunt motor 
whose field is excited from a constant-voltage source. 
This positioning signal may be obtained from a hand- 
operated variable-voltage source, such as a selsyn. This 
method is used to control amplidynes forming part of 
a servo-mechanism. The positioning signal may be 
obtained from some electrical quantity of the system. A 
typicalexample is the arc-furnace electrode regulator, the 
essential control circuits of which are shown in Fig. 48. 


Arc-furnace Electrode Control. An arc furnace contains 
three electrodes, one for each phase, from which cur- 
rent passes into the charge through an arc. The object 
of the control is to maintain each electrode automati- 
cally in such a position as to obtain constant power flow 
through each electrode by maintaining constant arc 
current with relation to the arc voltage. The height of 
each electrode over the charge is varied individually by 
a motor-driven hoist. In Fig. 48 the control circuits for 
one electrode are indicated. The circuits for the other 
two electrodes are duplicates. 

The arc current is measured by a current transformer. 
The voltage appearing across the current-transformer 
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secondary winding, which is proportional to arc current, 
is applied to the primary winding of a step-up trans- 
former. The output voltage of this transformer is 1m- 
pressed on rectifier A (Fig. 48), and the resultant d-c 
voltage is loaded into a resistor. The voltage drop V1 
across that resistor is proportional to the arc current 
and provides the signal for the amplidyne. 


The arc voltage, appearing between the electrode and 
the neutral point of the furnace, is used as a reference. 
The arc voltage is rectified by rectifier B, and the d-c 
voltage, which is proportional to arc voltage, is loaded 
into the adjusting rheostat. This rheostat is connected 
-as a potentiometer, and across a portion of it appears a 


voltage V2, which is proportional to arc voltage and 


which opposes voltage V1. 


The control field of the amplidyne generator is so 
connected that its field current is proportional to the 
net difference between voltages V1 and V2. As long as 
Vi and V2 are of equal magnitude, no current flows 
through the amplidyne field and the amplidyne output 
voltage is zero. The electrode motor is at standstill, and 
the electrode is at rest. If the electrode current changes 
and the balance between voltages Vi and V2 is dis- 
turbed, current flows through the control field, and the 
amplidyne generates an output voltage, the polarity of 
which depends on the relative values of V1 and V2. This 
current flow causes the electrode motor to turn in a 
direction to raise or to lower the electrode, until a balance 
is established again. As the speed of the motor is propor- 
tional to the difference between V1 and V2, the electrode 
is moved smoothly and without overshoot into a new 
position at which the current is equal to the set value. 


Photoelectric Register Controls. The same principle is 
used in photoelectric register controls. Two photoelec- 
tric relays scan the edges of a moving strip of material, 
and the output currents of the phototubes are used for 
a signal. As long as the strip is in register, the photo- 
electric tubés receive equal amounts of light, and the 
amplidyne generator field carries no current. As soon 
as the strip gets out of register, one phototube receives 
more light than the other and the difference in photo- 
tube currents causes current to flow through the ampli- 
dyne field, which in turn causes a correction motor to 
move the strip back into the register position. Because of 
the low amount of energy available from the phototubes, 
it is necessary to interposean electronic amplifier between 
the phototube circuit and the amplidyne field circuit. 


Alternator Voltage Control 

Certain industrial processes use alternating current 
obtained from an alternator the voltage of which must 
be closely regulated to insure uniform quality to the 
product. An example are alternators for high-frequency 
induction heating. The essential circuits of an alter- 
nator-voltage-control system are shown in Fig. 49.) 


The alternator field is excited by an amplidyne gen- 
erator which is stabilized by a conventional anti-hunt 
field connected to the amplidyne armature through a 
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capacitor. A voltage field determines the excitation of 
the amplidyne, which maintains the desired alternator 
voltage. The voltage-field current is proportional to the 
net difference between a reference voltage across the 
adjusting rheostat and a voltage signal from the poten- 
tial transformer. This voltage signal is rectified through 
rectifier A and loaded into a resistor. A portion of the 
drop across the resistor is applied to the voltage field 
and opposes the reference voltage. When the reference 
voltage is applied to the voltage field, the alternator 
voltage rises to such a value that the net excitation of 
the amplidyne maintains the alternator voltage. A rise 
in alternator voltage results in a reduction in amplidyne 
voltage, and a drop in alternator voltage results in a 
rise in amplidyne voltage. The level of alternator volt- 
age to be maintained is varied by the adjusting rheostat. 

To maintain voltage across the load and compensate 
for line drop, a current-compensating field is used which 
corrects the alternator voltage. A current transformer 
is connected in the line between the alternator and the 
load. The secondary voltage of this transformer, pro- 
portional to line current, is rectified by, rectifier C, 
loaded into aresistor, and applied to the current compen- 


- sating field of the amplidyne. Polarity is such that with 


increasing current, the compensating field boosts the 


amplidyne voltageandraisesthe alternator voltage some- | 


what above the voltage called for by the adjusting rheo- 
stat, thus maintaining constant voltage across the load. 
(To be continued) 


ALTERNATOR 
ARMATURE 
TO 
LOAD 
CURRENT 
AMPLIDYNE TRANSFORMER 
ARMATURE eae NNN 
POTENTIAL 
TRANSFORMER 
ANTI-HUNT 
Fievos* CAP 
VOLTAGE 
FIELD 
ADJUSTING 
RHEOSTAT +4 
RECTIFIER RECTIFIER 
CONSTANT A C 
VOLTAGE 
TRANSFORMER 


TO A.C. VOLTAGE 


SOURCE 
RECTIFIER 
B 
CURRENT 
COMPENSATING 
FIELD E 


| SS ee = 


Fig. 49. Essential circuits of an alternator-voltage-control system 
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in this railcar since 1924. 


"We're a bit loose due 
to fighting abrasive 
matter, yet we're whole 
and with lots of ‘go’ 
left. And modern New 
Departures are even 
better bearings." 


nothing rolls like a ball 


NEW DEPARTURE 


BALL BEARINGS ~~ 


rf 


NEW DEPARTURE® Division of GENERAL MOTORS * Bristol, Conn. e Branches in DETRCIT, CHICAGO, LOS ANGELES and Other Principal Cities 
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Production Speeded 


A 45-ton 300-hp diesel-electric loco- 
motive, replacing a 90-ton steam engine, 
has been speeding freight-car line produc- 
tion for American railroads at a St. 
Louis plant. 


The primary job of this diesel-electric 
is spotting cars on production lines in 
_ plant buildings where all types of freight 
‘ears, are: beime built.<:Extreme,.care is 
necessary during spotting, or production- 
line shifting, to minimize the danger of 
injury to production-line personnel. Pro- 
duction requires, at times, shifts of only a 
few inches, which the high sensitivity of 
control on the locomotive easily permits. 


The locomotive is also used for general 
yard switching, which includes the trans- 
fer of 15 to 20 cars from the final assembly 
line to a main-line railroad outside the 
plant. | 


Over a period of three years the. loco- 
motive has operated an approximate total 
of 9500 operating hours, with an avail- 
ability for service exceeding 95 per cent. 


Considerable savings in maintenance 
and operating costs have resulted through 
the use of the diesel-electric locomotive. 
Expenses of enginehouse rental (the 
diesel-electric is housed in the plant 
paint shop), a locomotive fireman, and a 
hostler, necessary with steam-locomotive 
operation, have been eliminated. Main- 
tenance is performed during hours when 
the locomotive is not in use. Fueling is 
required only twice a week, whereas the 
steamer had to be serviced daily. 


The first half of a ‘‘round-trip’’ in the replace- 
ment of a worn drilling bit consists of hoisting 
the drill pipe out of the hole, unscrewing it 
at every third or fourth joint, and stacking 
the stands of pipe (‘‘Thribbles”’ or ‘‘Fourbles’’) 
in the derrick. Here each stand of pipe is be- 
ing pulled faster than the one preceding it. 
On electric rigs, as the load becomes lighter, 
speed increases automatically and safely. 


HIGH LIGHTS ano SIDE LIGHTS 


Gold That Flows 


For almost four decades, electricity has 
been boosting production of petroleum— 
one of the nation’s and the world’s major 
industries. ‘Today, with electricity more 
readily available for harnessing in hitherto 
inaccessible areas, electric power is stimu- 
lating increasingly the drilling for and 
pumping of “flowing gold.”’ 

With the decrease in the quantities of 
gas available and the diversion of existing 
gas to other uses, paleontologists, geo- 
physicists, wildcatters, petroleum engi- 
neers, aerial photographers, crewmen, and 
geologists have been joined in the oil 
fields today by electrical engineers. In the 
past, most oil-well drilling and pumping 
were done by gas or steam engines because 
fuel was available at the well sites; now, 
with electricity more readily available, 
even in wild isolated areas, oil-fields equip- 
ment is being converted to electric drive 
and more and more new fields are being 
developed with electric power. With the 
declining production of great deposits of 
easily available oil, it is necessary for to- 
day’s wells to be sunk more deeply. When 


electricity is utilized for drilling, speed in. 


penetrating the earth’s depths is increased, 
operating and maintenance costs are 
lowered, allowing additional time and 
funds for exploratory drilling that may 
prove highly profitable. Drilling can be 
deeper, with better control. Flexibility 
can be great since either a-c or d-c power 
may be used. Lightweight electric equip- 
ment is portable. It is smooth in accelera- 
tion and operation, as well as reliable with 
its automatic controls and safety features. 

When it comes to pumping operations, 
electrification has resulted in smoothness 
that reduces rig stresses, makes a saving 
in labor, involves charges only for power 
used, and makes readily available the 
benefits of studies that power companies 
are glad and eager to conduct to deter- 
mine most efficient operation * factors. 


‘metering, utilizing electronic tubes, 


had been © 
Purchased — 


Many of the early wells that 
pumped with internal-combustj 
now are being electrified with 
power. 

Power in the fields 
electrically operated auxiliaries, 
ment, accessories, and appliance 
make the lives of workers safe 
happier. When electricity is ay 
operators of pipe lines may comm 
with others by FM radio or carrier Current 
In the more highly technical field, seismo- 
graph studies, electric logging, and tele- 


€quip- 
S that 
r and 
ailable, 
unicate 


; are 
now in daily and wide use. 


The accompanying illustrations are from 
a new sound motion-picture film, ‘‘Lease 
on the Future,” which has been produced 
as part of the “More Power to America” 
series and which has just been released. 


Special Motors for Research 


Among special motors now being built 
for research purposes are three rated 
0.1 hp and 80,000 rpm. The motors will] 
be only 1% in. in diam and 6 in. long, 


‘The squirrel cage will form the rotor; 


the shaft and the “‘rotor,’? which carries 
the primary three-phase winding, will be 
stationary and will form the motor 
support. 

Among other unusual special motors 
under construction are two 700-hp and 
two 300-hp motors which will operate at 
18,000 rpm. These are 4-pole 600-cycle 


After installing a new bit, the operation of 
which is shown here, the drilling crew is ready 
to complete the “‘round trip’’ by joining the 
pipe, one stand at a time, and lowering the 
string until bottom-hole is reached. Then 
drilling can be resumed. Worn bits must be 
replaced, and the resultant round trips are 
expensive and add unproductive time to 
drilling jobs. Automatic bit weight control, 
available in a packaged unit can save on bits 
and cut down on round trips. Such controls 
are easily applied to electric rigs. 


we removing t 


§300-hp mot 
Bee in. over 


permits use also of _ 


2 ‘11 be provided with hollow- 
ynits, Be or - which water will be 
stator s to remove the heat losses. ‘The 
ci ae also be water cooled to assist 
relic he losses in the stator iron. 
ut otors will be 14 in. in 
The ay an long over the shell; the 
diam an ors will be 10 in. in diam by 


the shell. 


Radio Waves Detect 
Approaching Objects 


The methods of reflecting: radio waves 


a used during the war in the proximity fuze 


have possible industrial utility as a de- 
tector of motion. 

The proximity fuze depends upon the 
interaction in the transmitter of the 
emitted signal and its reflected waves. 


To be used for detecting the approach of ob- 
jects, the device shown here is based upon the 
principle of reflecting radio waves as used in 
the proximity fuze. 


The reinforcement or cancellation of the 
waves reacts on the transmitter, varying 
the current that it draws from its power 
supply. As the distance between the trans- 
mitter and the reflecting object is altered, 
the outgoing and returning waves periodi- 
cally cause a variation of current at a 
rate proportional to the relative speed. 
In the proximity fuze, such variations set 
off the explosive charge as the shell 
approaches its target. a 

A demonstration apparatus utilizing 
this principle of detection has been con- 
structed in which a lighthouse tube 
generates radio waves only five tiches long. 
An object used to reflect the waves, even 
if moved as slowly as one mile per hour, 
will operate the device, either ringing a 
bell or flashing a light. Since nonmetallic 
objects, including the human body, reflect 
these waves appreciably, the apparatus 
may be set to detect people moving 
toward or away from the transmitter, 
making difficult an approach that would 
be slow enough to avoid detection. 
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Submersible Motors 


This watertight synchronous motor, built to withstand submersion during spring floods, is to be 
used by a West Coast paper mill. The motor is shown to the left with the covers and stuffing boxes 
removed. When completely enclosed, it appears as shown to the right 


Six water-tight synchronous motors, 
built to withstand submersion during 
spring floods, are being supplied a West 
Coast paper mill, and will be installed on 
the Willamette River site of the Crown 
Zellerbach Company’s West Linn 
(Oregon) paper mill. Each of the 2300- 
hp motors will drive three wood pulp 
erinders during the paper-manufacturing 


. process. 


The grinding mills are located on the 
river bank and submersible motors are 
required for the job because the river 
sometimes rises as much as 40 ft during 
spring thaws, covering the machinery and 
halting operation. ‘To meet this condition, 
the special motors were designed to be 
capable of riding out the floods without 
being damaged. The bearings and bearing 


Electron Light 


What is believed to be the first observa- 
tion of an electron beam made visible by 
its own light was pictured on the front 
cover of the June Issue of the Review. 

The observations, which were made 


in the new 70,000,000-volt synchrotron, © 


showed that visible light is literally given 
off from the moving electrons. Because of 
the dangerous x-rays emitted by the 
synchrotron, observations must be made 
from behind a thick concrete wall by 
means of a mirror. Inside the doughnut- 
shaped vacuum tube, in which the elec- 
trons circle, a brilliant bluish-white spot 
appears from light beamed forward from 


the electrons, tahgent to their orbit. 


Though the effect is mainly of theoret- 
ical interest, the visibility of the electrons 
will be of use to scientists developing larger 
machines because they can locate accu- 
rately the tiny beam as it reaches higher 
energies within the vacuum enclosure. 

Previously, electrons have been detected 
visually only by indirect means,, When the 
electrons strike a material sucht as zinc 
sulfide or pass through certain gases a glow 
results, but such light does not ¢ome from 
the bombarding electrons themselves. 
With a laboratory device knowh as the 
Wilson cloud chamber, the path of an 
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from these machines is the installation of 


pedestals, normally built outside the motor 
frame on standard motors, are enclosed 
with the stator and rotor in a specially 
fabricated framework to protect them 
during shutdowns. The ends of the motors, 
normally open on standard types, will be 
enclosed by reinforced steel plates which 
will have ventilating holes to air-cool the 
motors when they are operating. These 
holes, however, will be completely sealed 
during flood periods. 

A further precaution to exclude water 


a flanged-pipe connection on the top of 
each motor. Compressed air will be 
pumped through this connection into the 
motor frame to force into drainage sumps 
any seepage which might have entered 
the motor enclosure. 


electron appears as a thread-like trail of 
fog, but this again is indirect. 

The synchrotron doughnut, however, is 
lined with a transparent layer which is elec- 
trically conducting like a silver layer and 
carries away unwanted electrical charges 
as they accumulate. An actual radiation 
from the electrons themselves is visible as 
they move around in their circular path. 

An intense magnetic field, produced by 
the large electromagnet which surrounds 
the doughnut, keeps the electrons in this 
orbit. 

Electron light travels out in a beam 
half a degree in diameter, tangent to the 
orbit and ahead of the electrons. Thus, 
an observer looking at the doughnut from, 
a point in the plane of the orbit sees light 
from the electrons approaching him, but 
cannot see the light in any other part of 
the tube. Because of the curvature of the 
doughnut, the spot is distorted as photo- 
graphed at present. A modified doughnut 
vith a flat quartz window through which 
the effect may be better seen is being 
prepared. This will permit any part of the 
radiation that may fall in the invisible 
ultraviolet part of the spectrum to oe 
photographed because quartz, unlike 
glass, transmits these rays. 
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Resistors 


Production is now under way on a 
stable compact high-voltage resistor, 
Type B, which will handle up to five 
watts. These resistors can be made in 
resistance value as high as_ 1,000,000 
megohms. They are particularly suited 


for use as VT voltmeter multipliers, high- 
resistance voltage dividers, bleeders in 
high-voltage television and cathode-ray 
tube circuits, and in various types of test 
equipment. The resistors are easily 
mounted by means of a machine screw, 
and they may be assembled to make up 
tapped units or matched pairs.—Resist- 
ance Products Co., Division of Electronic 
Mfg. Co., 714. Race St., Harrisburg, Pa. 


Electrode Holder 


The Twecotong electrode holder, No. 
A-316, is a new addition to an established 
line of insulated tong-type electrode 
holders. A smaller companion to the A-14 
and A-388 models, this holcer fills the 


Capacitance values available for low- 
ripple service range from 8 mf at 150 
wvdce to 300 mf at 1.5 wvdc, depending 
on the size of the container.—Solar 
Manufacturing Corp., 285 Madison Ave., 
New: York 17. N.Y: 


Ajir-draw Furnaces 


Two new furnaces of the recirculating 
air-draw type have been added to an 
extensive line of small electric box fur- 
naces. Available in Model ACL and 
Model ACH for temperatures from 900 
F to 1200 F respectively, both furnaces 
provide the accuracy and uniformity 
required in low-temperature heat-treating 
Operations. 


AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THEM 


Clamp Supports 


Designed for mounting wires, cables 
tubes, pipes, rods, hose, etc., the recently 
announced Holub clamp supports are 
made of a plastic having great tensile and 
impact strength. These supports are good 
insulators, insuring against short circuits. 
They can withstand temperature changes 
of from 78 below zero up to 180 F, are 
unaffected against atmospheric condi- 
tions, and are free from corrosion and 
sweating. The supports are available in 
16 standard stock sizes.—Holub Indus- 
tries, Inc., Sycamore, Ill. 


Soldering Iron 


A new lightweight Calrod soldering 
iron known as the Midget has been 
announced. Designed for precision solder- 
ing where space is limited, such as in 
radio, instrument, and meter applica- 
tions, the new iron is available with tips 
Wand in. in diam. This iron is 8 in. 
long and weighs only 1%4 oz without the 


BACKGROUND TO ACHIEVEMENT 


_ 
ee 


l 


Used for tempering or drawing of both 
carbon and high-speed steels, nonferrous 
heat treating, etc., these furnaces are also 


requirements of the average job-shop or 
maintenance welder using 200-amp weld- 
ing equipment. 

This electrode holder features light 
weight, compactness, and ease of opera- 
tion with a 95-lb bite on a #;-in. electrode. 
The tip and body insulation is of molded 
laminated glass-cloth Bakelite. The in- 
sulated spring is Neoprene covered; the 
cable connection is a simple clamp, plus 
socket for soldering when desired.— 
Tweco Products Co., Wichita, Kansas. 


Capacitors 


A series of miniature,dry electrolytic 
capacitors, Type LB, has been an- 
nounced. Basis of the size reduction 
achieved in these capacitors is a new 
method of producing high-gain and stable 


etched foil. Availability of these minia- 
ture capacitors reduces space-limitation 
problems when high values of capacitance 


are necessary for bypass, coupling, and 
audio-filter applications. 


Dz 


well suited for tool and die tempering, 


particularly when made of high-speed 


steel, since furnace-recovery time is 
rapid and the double temper of high- 
speed steel is easily obtained.—Cooley 
Electric Manufacturing Corp., Indian- 
apolis, Ind. 


Boring Tool 


Designed for repetitive boring opera- 


tions, the new Kwick-Size boring tool 


now in production is efficient and eco- 
nomical to use on any run of boring work 
consisting of more than three pieces. 
Without changing cutter bits, it is pos- 
sible to rough, semifinish, and finish bore. 
To do this, the boring head, which is 


.mounted on an’eccentric arbor, 1s merely 


indexed for individual cuts. Uniformity 
of bore size is-constantly assured, for the 
boring head is firmly locked in accurate 
position ~fter each indexing. 

This tool is used for stub-bar boring 
only, and is especially adapted for rapid 
standard or heavy-duty precision work. 
Either carbide cutting tools or high-speed 
steel bits can be used to advantage in the 
boring h) 14.—Kaukauna Machine Corp., 
Kaukaunu, Wis. 
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cord, making “‘fingertip’’ soldering pos- 
sible. It is rated 25 watts, 6 volts, and is 
used with a 115/6-volt insulating trans- 
former. A transformer providing four taps 
for variable heat is also available. 

The Calrod heater, which forms the 
heat source, is built into the tip of the iron 
to within 4 in. of the working end. This 
reduces heat loss and speeds heat trans- 
fer, increasing the capacity at the working 
end of the tip.—Industrial Heating Divi- 
sg General Electric Co., Schenectady 5, 


Gage Blocks 


A new addition to the Lifetime-Carbide 
gage-blocklineincludes a square-style gage 
block in a variety of sizes. The square- 
style blocks are being manufactured in 


(Continued on next left-hand page) 
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—is today one of the finest cities in the world. Guide books deal faithfully 
with its architectural features, amenities and historical associations, but large- 
ly ignore those ‘“‘monuments’’ to engineering enterprise and. achievement, the 
| “essential services.’’ Yet the fact is that 
these Services—power, light, water, trans- 
port, etc.—are the essential background 
of this great city: just as BTH is—and for 
the past fifty years has been—the essential 
background to many important engineer- 
ing achievements in scores of big towns 


the world Over. 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND 


se BTH supplied the electrical equipment of 
the entire rolling Stock of the Bombay suburban 
line of the Bettbay, Baroda and Central India 
Railway—i cluding the Traction Motors and 
Control and auxiliary gear, while Mazda 
lamps provide much of Bombay's lighting. 


te 
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NEW PRODUCTS (Continued) 


both Grade A and Grade B quality 
and in the full range of sets and sizes 
heretofore available only in the rec- 
tangular blocks. Individual blocks range 
in size from 0.050 in. to 4.000 in., and 
complete sets are made up of 35 and 82 
pieces. Special sizes will be made to 
desired specifications.— Fonda Gage Co., 
Stamford, Conn. 


Ohm Meter 


A newly developed battery-operated 
instrument known as the UltrOH Meter 
will allow precision measurements of 
‘small currents and high resistances with 
the ease and convenience of ordinary test 
equipment. Current sensitivity to as low 
as 2107 amp full-scale permits resist- 
ances as high as 110% ohms. to be 
measured directly. The high current 
sensitivity makes possible the measure- 
ment of high resistance in such applica- 
tions as capacitor-leakage tests, under 
the actual conditions of operation. 


A built-in standard voltage source pro- 
vides voltages for resistance measure- 
ments in convenient steps from 0.5 to 20 
volts, and the instrument is so designed 
that resistor linearity tests and polariza- 
tion checks can be made.—Beckman In- 
struments, National Technical Labora- 
tories, 820 Misston St., South Pasadena, 
Cal. 


Vibrating Screen 


A new vibrating screen, known as the 
CA Concentric-Action Screen, is now 
available to meet the demand for eco- 
nomical and effective sizing of a large 
variety of materials. Built in either the 
inclined floor-mounted type or the 


spring-and-cable suspended type, these 
screens have a balanced two-bearing 
vibrator mechanism which imparts a 
concentric or circular vibrating motion to 
all points of the screening surfaces. 


The screen can be used for both 
medium and heavy-duty sizing, as well as 
for scalping, dewatering, or rinsing 
operations. It is made with double or 
triple decks in sizes ranging from 3 ft by 
8 ft to 6 ft by 14 ft.—Link-Belt Co., 307 
N. Michigan Ave., Chicago 1, Ill. 


54 
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Heated Pipe 


For the conveying of melted insulating 
and potting compounds such as Presstite, 
Hydrolene, Korite, etc. to dispensing sta- 
tions, the heating installation is now 
being applied to single pipes or pipe 
lines having a length of hundreds of feet. 
These -electrically heated pipes are used 
by such varied electrical concerns as 
those making ballasts for fluorescent 
lights, Deep-Freeze boxes, refrigerated 
show cases, and bottle coolers. 

These pipes, available in any length 
up to 20 ft, can be coupled. together to 
produce any length of pipe line required. 
Although the pipes illustrated are of 
the 2-in. size and are of black steel, 
pipes of other sizes or materials may also 


be heated in this manner. The pipe in the 
foreground of the illustration shows how 
the multiple-circuit insulated heating 
element is applied, being so placed as to 
give uniform heat coverage. Shown in the 
center of this same pipe is the multiple- 
circuit thermostat which is located in the 
heating chamber, and which closely con- 
trols the heat at the temperature speci- 
Nt oe Warm Electric Co., Ravenna, 
10. 


Synchronous Motor 


To meet the needs of industries, such as 
the pulp and paper industries, requiring 
equipment for use in the presence of 
splashing liquids, a line of low-speed 
synchronous motors has been redesigned 
to include splashproof construction. 
Simple design of end-shield covers pro- 


. ay, 
vides easy removal and assembly when 
motors are inspected. The pec*stal bear- 


ings are outside the housing, permitting » 


regular inspection of oil supply and cii- 
ring operation. f 

The new frame construction saves 
floor space because of the louvered open- 
ings for side-air discharge instead «f the 
flared-skirt type of opening. The conduit 
box is 


liquids. ‘An inspection window is pro vided 
in the air chute for viewing the brush 


holder ¢: collector without remova! of - 


rs.—General Electric (0., Sche- 
MN... V7. 
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cluded in’the frame structure of 
the motor to protect it from Splash ag. . 


Pipe Bender 


A new portable hydraulic pipe be 
e . . . nN n 
that is light in weight and simple to oa 
includes a hydraulic jack which has Screw 
extensions for maximum bends. Dies and 


ram extensions for 180-deg bends can 


be furnished. These pipe benders are 
available in two sizes: a 24-in. unit and a 
30-in. unit, both of which are complete 
with an appropriate assortment of dies 
in four different sizes. All parts are elec- 
tric welded and heavily reinforced.— 
Electric Cord Co., 80 Church St., New 
VORRE (aN eV. 


Controller 


The development of a new multiple- 
cam time-cycle controller, known as 
Model C500 Impulse-Sequence Cycle 
Controller, for timing mechanical opera- 
tions in industrial processes has been 
announced. This instrument is designed 
for use on plant processes where a number 
of factors, such as the opening and closing 
of valves, switches, dampers, retorts, and 
presses, and the starting, stopping, or 


reversing of motor-driven pumps and 
blowers, must be accurately timed 
according to a fixed program. In opera- 
tion, the controller actuates or engages at 
exactly the correct time in each cycle the 
necessary mechanical, electrical, or pneu- 
matic devices for automatically carrying 
ent the intended schedule. 

Im this controller, time measurement 
and pilot-valve operation are handled by 
separate mechanisms. Separation of these 
two basic functions made possible a 
aesign thet provides accurate timing of 
the factors under control; high speed and 
torque, for pilot-valve Operation; and 
flexibility of application.—The Bristol 
Co., Waterbury 91, Conn. 


Compressors 


The Unitair line of two-stage air-cooled 
stationary air compressors has been an- 
nounced. They are available in nine sizes 
with pOwer requirements ranging from 
15 to 100 hp and piston displacements 
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from 81 


to 590 cu ft per min at 100 lb 
in. discharge pressure based on 
g-cycle motor speeds. These compact, 
Oo nooth-operating compressors require 


all foundation. ; 
ee three standard electric drives in- 


‘It-in motor, direct-connected 
ae oa V-belt drive. These compres- 
ae may also be equipped for use with 
- oline or diesel engines.— Sullivan Diwi- 
oe Joy Manufacturing Co., Oliver 
Building, Pittsburgh 22, Pa. 


per sq 


Counter Tube 


An improved Geiger-Mueller counter 
tube of an all-metal type is now available. 
The mechanical robustness attained by 
the metal-tube construction makes such a 
counter well adapted to industrial and 
research applications where the fragility 
of a glass tube would prohibit its use. 
Since the active diameter of the counter 
is almost equal to the over-all outside 
diameter, these tubes are also well 
adapted for use in cosmic-ray telescopes 
and other coincidence-circuit arrange- 
ments. 

Another advantage of the all-metal 
tube is that the intrinsic background 
count is lower than that of the conven- 
tional type of glass tube. A wide variety 
of sizes is Offered, ranging from 1% in. 
diam and 4% in. long to 3 in. diam and 
5 ft long.—Geophysical Instrument Co., 
Arlington, Virginia. 


Battery Charging Equipment 


Improved heavy-duty battery-charging 
equipment for industrial-truck service, 
meeting all the standards of the Electric 
Industrial Truck Association, has been 
announced. The equipment, completely 
automatic, is packaged into one unit 
consisting of a single-circuit battery- 
charging motor-generator set, directly 
above which the control cabinet is 
mounted on a welded structural-steel 
framework. It is completely wired and 
assembled before shipment from the 
factory. 

The equipment meets the requirements 
of an 18-cell 550-amp-hr lead-acid-type 
storage battery. The generator is a con- 
ventional 47-volt d-c machine. For exact 


Five 3500 hp and one 3000 hp D-C Motors manufactured at the Peterborough 
Works of Canadian General Electric driving main rolls on a 56 inch continuous 


strip mill at The Steel Co. of Canada Ltd., Hamilton, Ont. a" 


‘ | COPACO 
100% RAG 


Iu Cauada... 


eight large factories manufacture 


General Electric 


CANADIAN GENERAL ELECY#!< co LTD 


Halifax * St. John « Sydney * Montreal « Quebec * Sherbrooke * Chicoutimi + Trois Rividres » Oitawa’* Toronto 
Hamilton * London *« Windsor * New Liskeard * Sudbury ¢ St. Catharines * Noranda ° Timmins * Winnipeg * Fort Williom 
Saskatoon * Regina + Brandon + Calgary * Edmonton - Lethbridge * Vancouver 
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engineerifig and sales offices, 
and 15 warehouses ate located 
from coast-to-coast to scrve you. 
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ELECTRICAL 
INSULATING 
PAPERS 


Guaranteed 300 volts per mil. Both tough yet flexible. 


Nonchem. Standard Thicknesses .005 .007 .010 .015 
.020 .025 .030. Mfd. in 30” x 40” SHEETS and 
continuous ROLLS 450’ to 2000’ x 1/2’ to 30” width. 


SAMPLES ON REQUEST 


Submit Your Insulating Paper Problems 
Both Old and New To COTTRELL Engineers. 


SCOTTRELL. 
PAPER CO., INC. < 
FALL RIVER. MASSACHUSETTS 
_ Factory; Rock City Falls, New York 


adjustment of voltage, a slide-wire-type 
resistor is used in the field circuit in place 
of the usual rheostat, which prevents 
tampering with the voltage after it has 
been set. All the control devices are the 
heavy-duty type, the line contactor being 
of steel-mill construction, and the motor 
starter a size No. 2 across-the-line type.— 
Motor Divistons, General Electric Com- 
pany, Schenectady 5, N. Y. 


Soldering Tool 


Designed for intricate work, the Kord- 
less Kwikheat soldering tool can be used 
for delicate mechanical operations, such 
as are required in the assembly of small 
switches, electric-meter work, and in in- 
struments, as well as by dental technicians 
and the hobbyist for making model 
mechanical devices. 

The forged tellurium copper-alloy tip 
holds approximately 680 deg temperature 
for nearly one minute and reheats in 
approximately 20 sec when reinserted 
into the heater-receptacle.—Sound Equip- 
ment Corp., Glendale, California. 


Acoustical Board 


A Fiberglas acoustical board for use 
with recessed-type fluorescent-light trof- 
fers to form a low-cost suspended ceiling 
with high sound-absorbing properties has 


(Continued on next page) 
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NEW PRODUCTS (Continued) 


been announced. The board is laid be- 
tween continuous troffer rows and is 
designed for use in both new construction 
and in remodeling present interiors. 
Composed of specially processed glass 
fibers treated with a thermosetting resin, 
the board, of one-inch thickness, is avail- 
able in sizes 25% in. by 48 in. and 24 in. 
by 48 in. : 


To combine an attractive appearance 
with high light reflection, the white- 
painted noncombustible board is beveled 
and cross-grooved to simulate tile. The 
light reflection coefficient is 0.75 to 0.80. 
The board, which. weighs 0.75 lb per 
sq ft, will span 24 in. without sag and 
without cross support.—Owens-Corning 
Fiberglas Corp., 718 Fifth Ave., New York 
TON oY, 


Dry Cleaner 


The problem of cleaning soiled draw- 
ings has been simplified by the recent 
manufacture of a preparation known as 
Draw-Kleen which can be sprinkled on a 
drawing, while work is being done, to 
absorb perspiration, surface dirt, and 
pencil smudges. It is easily brushed off 
when the drawing has been completed. 
Not a powder—not dusty nor gritty—it 
has the appearance of fine, soft crumbles 
and readily absorbs the dirt and does not 
stick to paper or board. Available in a 
handy 1%-oz shaker-top can, this product 
can be a useful aid to architects, engi- 
neers,. and artists.—Craftint. Mfs. -Co., 
Cleveland, Ohio. 


Induction Generator 


The presentation of the Model 43 
Ther-Monic 75-watt low-cost bench-type 
induction-heating generator to industry 
offers an efficient source of high-frequency 
energy to speed up’ hardening, brazing, 
soft-soldering, annealing, and melting 
operations, by combining into one unit 
the power section and work applicator. 
This generator is engineered for continu- 
ous full-load operation in the production 
line or for short-run work. The coil leads 
are designed to facilitate frequent work 


change-overs involved in spot production 
in experimental or toolroom jobs. The 
entire tube complement consists of one 
standard heavy-duty air-cooled shock- 
mounted oscillator and two standard 
rectifier tubes.— Induction Heating Corp., 
3889 Lafayette St., New Vork 8, N. Y. 
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Luminaire Insulator 


Announcement has been made of a new 
Form 45H7 wet-process porcelain insu- 
lator for series street-lighting luminaires 
featuring: a strengthened lip; integral 
porcelain tie-lugs; and an accurately 
positioned light center. The insulator is 
suitable for use with high-voltage aerial 
wiring. With Form 72 duplex cable, this 
line of high-quality porcelain insulators is 
now reduced to two standard designs to 
meet all service requirements and which 
are suitable for various types of mounting, 
reflectors, or reflector-glassware combina- 


tions. Moreover, the insulator is inter- 


changeable with holder designs. 


Two ‘‘petticoats’’ instead of one on the 
insulator lengthen the external creepage 
path and double the dry path under rain 
and sleet conditions. Either internal or 
external wiring may be used. Terminal 
extensions, providing external binding 
posts, can be mounted in the lead open- 
ings when desired.——Lighting Duvistion, 
General Electric Co., Schenectady 5, N. Y. 


Marking Brush 


The recently introduced valve-cox” 
trolled pocket-sized Flo-Master Foun- 
tainbrush provides industry, homes, 
artists, and educdtors with an instrument 
for writing, marking, and drawing on such 
surfaces as paper, glass, wood, wax, 
metal, cloth, leather, cellophane, etc. 
The versatility of the brush is increased 
by three stvles of felt-nib points with 
which broac medium, and fine lines may 


be drawn un wet or dry, hot or cold_ 


surfaceg™ 

Adapt »le for use in marking ma- 
chinery,’ ols, and equipment, the brush 
is also a .andy medium for addressing, 
labeling’ or identification marking of 


ay 


‘ 


parts. —eshman and Denison WS EOS 
183 West®eerd St., New Yor: 11, N.Y. 
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Latching Relay 


A new multicircuit switching relay of 
the latching type, designated as Sigma 
6FZ, has been announced. Because the 
entire moving system is dynamically 
balanced, freedom from the effects of 
vibration and shock is attained even 
while operating with large detent forces. 
At the same time, mechanical wear does 
not lessen the latching stability, resulting 
in a long mechanical life. 


The eight individual switch positions, 
each of which may be normally open or 
normally closed, carry a nominal rating 


of 5 amp at 110 volts a-c or 24 volts d-c, | 


although actual ratings vary with life 
requirements and character of the load. 
Contacts may be ganged or arranged in 
pairs for a maximum of 4 double-break 
circuits.— Sigma Instruments, 70 Ceylon 
St., Boston, Mass. 


Tungsten Electrodes 


A new line of tungsten electrodes for 
atomic-hydrogen and inert-arc welding 
has been announced. Suitable for manual 
or automatic welding, the new electrodes 
are free from nonmetallic inclusions, 
segregation, slivers, cracks, seams, and 
pipes. 

The new electrodes are available in 
diameters ranging from 0.040 to \% in., 
and in lengths from 38 to 24 in. Other 
lengths up to 60 in. can be furnished on 
request. Diameters are held to 0.001 in. 
tolerance.—Electric Welding Division, 
General Electric Co., Schenectady 5, N. Y. 


Segregator 


Model DS-20 Selector, which has re- 
cently been announced, is an electronic 
segregator for the automatic sorting of 
small parts into three classifications: 
Oversize, acceptable, and undersize. This 
device consists basically of three units: 
gage head, master control, and segregator. 
The head, where the actual measurement 
is done, is so designed and constructed as 
to have no frictional moving parts, no 
coils or switches, and no magnets that 


require adjustment. Speed of Operation is 
limited only by the rate at which parts can 
be fed into the Selector. Automatic and 
semiautomatic feed mechanisms are avail- 
able-—DoALL Company, Des Plaines, 
Ilinots. 
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TRADE LITERATURE 


Aluminum Building Wire—In addition to 
describing the major advantages of the 
use of aluminum conductors in building 
wire, this handbook illustrates and 
temizes test results of severe exposure 
eriods; compares weight, current-carry- 
ing capacity, and breaking strength with 
that of copper; and illustrates step-by- 
step stripping, joining, and soldering. pro- 
cedures. Also included are tables of 
yarious physical properties. Thirty-one 
pages. Entitled ‘U.S. Aluminum Building 
Wire Handbook.’’— United States Rubber 
Co., 1230 Avenue of the Americas, New 
York 20, N. Y. 


Arc Welding—Engine-driven 40-amp arc 
welder described with specifications that 
include .welding range, over-all dimen- 
sions, and a description of the driving 
gasoline engine. An added section de- 
scribes the optional equipment. Four 
pages. Bulletin GEA-3589E.—A pparatus 
Dept., General Electric Company, Schenec- 
(aay, Nev. 


Balanced Lighting—What it is and why 


- one needs it is the subject of this booklet 


which explains that balanced lighting is 
obtained by the correct ratio of overhead 
lighting when supplemented by the 
proper amount of localized lighting. 
Listed in the booklet are the benefits 
received from such a lighting installation. 
Twelve pages. BL-447.— Fostoria Pressed 
Steel Corp., Fostoria, Ohto. 


OU ARE MISSING OUT— 
MR. NON-SUBSCRIBER — 


if you are not receiving a personal copy of the REVIEW 
— regularly. 
You are losing the benefit of permanent value which 


REVIEW subscribers enjoy, if you depend upon 
office copies, which get clipped and are therefore incomplete 


when you want to use them. 


An Industrial Engineer subscriber stated, ‘‘The information 
in one copy is too valuable to permit breaking my 
That is another way of saying that the REVIEW never be- 


comes old; never outlives its usefulness. 


By having your personal copy delivered to you promptly, 
you can obtain the benefit of a complete, accurate, anc 
authoritative source of information on such subjects as ELEC-:, 
TRONICS—- MEASUREMENTS -MAGNETICS-— MOTORS , 
& CONTROLS-DIELECTRICS-WELDING-LIGHTING-— 
TRANSFORMERS - PROTECTIVE DEVICES - jiETAL- 
LURGY-and other topics on Hevelopments and applications 
in industrial and electrical engineering and public utilities. 


Keep your own REVIEW file for study and future reference. 


Subscribe today. 


Subscription Rites: Two years, $5.50; one year, $3.50. 
Extra Postage for Canada, 25¢; Foreign, 50¢, 
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Enamelled Resistors—Amply illustrated, 
this engineering data folder describes 
fixed and adjustable power resistors de- 
signed for industrial power and electronic 
applications. Specifications for each type 
include resistance values, ratings, dimen- 
sions, and other essential technical infor- 
mation on construction and performance. 
Six pages. Form No. VER-1146.—P. R. 
Mallory and Co., Inc., 3029 E. Washing- 
ton St., Indianapolis 6, Ind. 


Engineering Index—A concise, numerical, 
engineering index, representing an inno- 
vation in simplification of standards and 
planning; speeds the systematic location 
of specific data; simplifies the comparison 
of vendor specifications and designs; and 
aids the tool engineer in selecting the 
product best suited for his requirements. 
Sixteen pages. Entitled ‘‘ASTE Numeri- 
cal Index.’’—American Society of Tool 
Engineers, 166 Penobscot Building, Detrott 
26, Michigan. 


Glass Plant Feeding System—This cata- 
log describes the blanket-batch and the 
screw-type feeding system for use in glass 
plants. Photographic illustrations supple- 
ment the description of the suspended 
shadow wall and batch plants for glass 
factories, and engineers’ drawings ma- 
terially aid in explaining the operation of 
the system. Twelve pages. Bulletin 102.— 
Frazier-Simplex Inc.,, 486 East Beau St., 
Washington, Pa. 
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ELECTRICAL 


Oil-blast Breakers—The improvements in 
design and construction of the new high- 
voltage oil-blast breakers are presented 
in this two-color bulletin. A profusion of 
photographic illustrations, sectional draw- 
ings of the component parts, and dia- 
grammatic sketches supplement the ac- 
companying text. Twelve pages. GEA- 
4407A.—A pparatus Dept., General Elec- 
tric Co., Schenectady 5, N. Y. 


Polaroid Products—Well illustrated and 
indexed, the booklet is to contain infor- 
mation on instruction handbooks, Polar- 
oid film, experimental kits, projector 
specimens, plates and wedges, and split- 
field plates. Twenty pages. Entitled 
‘‘Polaroid Laboratory Products.’’ — Pio- 
neer Scientific Corp., Empire State Bldg., 
New Work iN. Ws. 


Resistance Welding—A complete de- 
scription for the technically minded is 
offered in this bulletin which explains the 
principle of a balanced three-phase resist- 
ance process. Graphs, oscillograms, and 
photographs supplement the descriptive 
matter. Eight pages. Bulletin 186-A. A 
summarization of the operation of such a 
three-phase welding system, together 
with the advantages to be gained, is 
available in another smaller bulletin. 
Four pages. Bulletin 137-A.—Sciaky 
Bros., Inc., 4915 West 67th St., Chicago 88, 
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The Technology of Adhesives. 


John Delmonte—516 pp. 1947. Reinhold 
Publishing Corp., New York. $8.00. 


Because of the increased importance 
and recognition being accorded adhesives 
in industry, this book is particularly 
timely. : 

It is based largely on data from a 
literature and patent survey, and Mr. 
Delmonte has presented an. excellent 
over-all coverage of the adhesive field. 
Included in the book are sections on the 
synthetic resin adhesives (phenolics, 
ureas, melamines, polyesters, alkyds, 
silicones, polyvinyls, polystyrene, acryl- 
ics, etc.), rubber adhesives, cellulose 
_ adhesives, protein adhesives, vegetable 
and animal glues, natural resin adhesives, 
and sodium silicate adhesives. Several 


chapters are also devoted to a history, 


classification, use, and test of adhesives. 
Various developments in the plastics field 
have been tied in with the appropriate 
adhesives wherever possible throughout 
the book. The author has collected a 
wealth of information which should cer- 
tainly stimulate the use and development 
of adhesives. Because of the nature of the 
data presented, the reviewer feels that a 
separate author bibliography would have 
added considerably to the general utility 
of the book. 

While the book is recommended par- 
ticularly for those persons engaged in the 
development of adhesives, it does contain 
enough of the practical aspects of ad- 
hesive technology to be of value to the 
user, or potential user, of adhesives. 


J. D. NELSON 


The Chemistry of Commercial Plastics. 


Reginald L. Wakeman—8386 pp. 1947. 
Reinhold Publishing Corp., New York. 
$10.00. 


A correlation of the characteristics and 
properties of commercial plastics with 
their chemistry has long been desired by 
many plastic technicians and engineers. 
This book covers the history of the plas- 
tics industry in a general way and intro- 
duces. each class with an interesting 
historical sketch. A discussion of raw ma- 
terials used in plastics is followed by some 
general chemical principles of resinifica- 
tion. The chemistry of each plastic is 
generally presented from an _ over-all 
point of view readily followed by the 
technician and engineer, and avoids the 
highly theoretical considerations that are 
of greatest interest to the pure research 
chemists. It is generally adequate as a 
good introduction for those who care to 
study the principles further. 

Of outstanding interest are the discus- 
sions of the methods of manufacture, 
properties, and applications which are 
described for many classes and types of 
commercial plastics. Here the author has 
made a real contribution by collecting 
many technical data and so presenting 
them that the various plastics can be 
compared by referring to many charts 
and curves showing characteristics and 
performance under various conditions. 

_ The book is interesting and easily read; 
it should find ready acceptance by tech- 
nicians and engineers, and serve well as 
a text-book for college courses in plastics. 


E. F. FIEDLER 
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Radiography in Modern Industry. 


Published by Eastman Kodak Company, 
X-Ray Division, Rochester (N. Y.)—122 
pp. 1947. $3.00. 

This book may serve actually as an ele- 
mentary text of fundamental principles 
which govern radiographic procedures in 
the field of industrial radiography. As 
such, it fulfills the radiographer’s long- 
felt need for a complete text and reference 
manual. The emphasis is placed on the 
photographic factors rather than on the 
physical techniques. The schematic dia- 
grams and tables presented in colors are 
quite novel and explicable. The excellent 


replicas of radiographs contained in the 


text enhance the value of the book. The 
arithmetic and factors affecting exposures 
and radiographic quality of film are dealt 
with very much in detail. A section en- 
titled ‘Special Technics’’ touches briefly 
upon Miicroradiography, Fluoroscopy, 
Photoradiography, High Speed Radiogra- 
phy, Stereoradiography and X-Ray Dif- 
fraction. While some of these are not 
generally considered to fall within the 
scope of radiography, they are all kindred 
subjects. The author discusses the various 
subjects sufficiently to acquaint the reader 
with the various methods involved. A 
very complete discussion, including a 
typical film-processing darkroom layout, 
which covers in detail each darkroom 
process is an invaluable aid to the 
darkroom worker. A section on sensito- 
metric characteristics of industrial x-ray 
films which information hitherto has 
been practically unavailable is thoroughly 
presented with full-page H and D charac- 
teristic curves. An appendix discussing 
unsatisfactory radiographs, their causes 
and remedies, with illustrations, is an all- 
embracing section on what is commonly 
termed ‘‘film defects.”’ 

Prevalent throughout the text, men- 
tion of any products pertaining to the 
written subject are (understandably so), 
products of Eastman Kodak Company, 
for example, the H and D characteristic 
curves presented are all for Eastman 
Kodak Film. Credit should be given to 
the Eastman Kodak Company for its very 
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keen interest and appreciative under- 
standing of the problems encountered in 
the industrial radiographic field. This 
book is a tangible contribution toward 
the forward progress of the ever-increas- 
ing importance of industrial radiography. 

J. DELISA 


A Russian-English Technical and Chem- 
ical Dictionary. 


Ludmilla Ignatiev Callaham—794 pp. 
1947. John Wiley and Sons, Inc., New 
York. $10. 


This is a new technical dictionary 
with the emphasis on chemistry and 
chemical technology, which makes it the 
only modern dictionary of its kind to be 
published. The compiler has also included 
‘a general vocabulary of nontechnical 
terms that are likely to appear in tech- 
nical articles’ (such as unemployed, love, 
vengeance?). It will be welcomed by 
many chemists and chemical engineers 
interested in consulting original Russian 
sources. It covers a wide range of modern 
Russian abbreviations as: well as some 
obsolete and little used Russian words 
which might occur in older publications 
and articles. The 80,000 words, according 
to the compiler, also include terms in 
meteorology, agriculture, medicine, math- 
ematics and other pure sciences, which 
will be somewhat of a disappointment to 
the chemist and chemical engineer. 
Among the special features of the dic- 


tionary is a brief discussion, perhaps too — 


brief, of Russian grammatical structure 
ahd a table of some of the frequently 
occurring technical Russian word endings 
with their English equivalents and Rus- 
sian and English examples. This table is 
of doubtful value and contains a number 
of misprints. 


A. PERNICK 


Cosmic Radiation. 


W. Heisenberg, Editor; T. H. Johnson, 
Translator—192 pp. -1946. Dover Pub- 
lishers, New York. $3.50. 


This series of symposia on cosmic-ray 
problems was published in Berlin in 19438 
in commemoration of the 75th birthday 
of Arnold Sommerfeld. Although written 
by several authors, the articles are well 
integrated with numerous cross references 
and a self-consistent notation. It is not 
elementary, having been written for the 
advanced student of cosmic rays and 
nuclear physics. This collection of 15 
lectures should prove valuable to those 
e€hgineers who keep themselves abreast 
of new developments in physics. 

The articles are a representative pic- 
ture of the knowledge of cosmic radiation 
at about the end of the year 1941. Great 
discrepancies between theoretical pre- 
dictions and experimental results indicate 
that new theories and more experiments 
are needed. K. Wirtz, in his chapter on 
the creation of mesons, discusses the most 
interesting of these discrepancies. 

Three sections give results which have 
not been published elsewhere. These are a 
simplified cascade theory by Heisenberg, 
a caiculation of the neutron distribution in 
the atmosphere by Fliigge, and an investi- 
gation by Moliére on the large showers. 


V. C. WiLson 
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information about General Electric Insulating Varnish a 


Electrical 


July, 194'7 


Which G-E insulating varnish for your job? 


@ A textile mill motor must operate dependably in the 
presence of moisture and chemical solutions. That’s why 
General Electric varnish specialists reeommended G-E 
Clear Baking Varnish 9555 to insulate a motor of this type. 

Its special formulation imparts excellent chemical resist- 
ance to water, acid, alkali, oil, and salt. It cures fast, either 
with infra-red or conventional baking gauipment. High 
dielectric strength, strong bonding, and fugged physical 
characteristics adapt it to hard service.# ‘ 

Your insulation problem receives expert attention at 
General Electric. And G-E Quality Control methods main- 
tain strict uniformity in every;shipment. 4 

Call your local General Electric Distributor’ for 


Or write to Resin and Insulation Materials Division 
Chemical Department, General Electric Company 


> 


Schenectady 5, N. Y. \ 
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Here Are a Few of the 
Many G-E Varnishes Designed for 
Specific Types of Applications 


FOR TRANSPOR- 
TATION EQUIP- 
MENT 


FOR MARINE 
EQUIPMENT 


FOR FHP 
MOTORS 


G-E 1678 G-E 9535 


EXCELLENT 


DIELECTRIC 
STRENGTH 


RESISTANCE 
TO MOISTURE 


RESISTANCE 
TO ALKALI 


_ RESISTANCE 
TO ACIDS 


RESISTANCE 
TO SALT WATER 


PENETRATION 
TOUGHNESS 


HIGH TEMPERA- 
TURE AGING 


FLEXIBILITY 


EXCELLENT EXCELLENT 


EXCELLENT EXCELLENT 


EXCELLENT GOOD 


EXCELLENT EXCELLENT GOOD 


GOOD 
EXCELLENT 
GOOD 


EXCELLENT 
GOOD 
FAIR 


EXCELLENT 
G00D 
EXCELLENT 


EXCELLENT 
EXCELLENT 
EXCELLENT 


EXCELLENT 
GOOD 


G00D 
G00D 


GOOD 
FAIR 


G00D 
GOOD 


LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


AERODYNAMICS 

Transonic Hazards Reduced. 

John Stack—Aviation, Feb., 1947; v. 46, 

pp. 43-45. 
New wind-tunnel data gives promise of 

less difficulty for airfoils in passing 

through the speed range of sound. 


AIR CONDITIONING—APPLICATIONS 

Air Conditioning Turbine-propelled Aircraft. 

H. J. Wood—Aviation, Feb., 1947; v. 46, 

pp. 49-52. 
Part I of an article on refrigerating 

equipment for planes traveling at speeds 

above 500 mph. 


Hospital Air Conditioning. 

W. S. Bodinus—Refrig. Engng., Mar., 
1947: v. 53, Application Data No. 38, 
4 pp. 

Minimal Replenishment Air Required for Living Spaces. 
William V. Consolazio and Louis J. 
Pecora—Heat. Piping & Air Cond., Mar., 
1947; v. 19, pp. 103-114. 

The minimal quantity of replenishment 
air required in a simulated ship's berthing 
space to keep odors at an acceptable level 
in conjunction with air cooling. 


AIR CONDITIONING—THEORY AND EQUIPMENT 
Coil Selection for Air-conditioning Units. 

J. E. York—Heat. & Vent., Mar., 1947; 
v. 44, pp. 66-75. 

A presentation of the various steps 
required to determine the total cooling 
load, and the procedure necessary in 
selecting the coil surface to serve such a 
load. 


AVIATION—INSTRUMENTS 

Production Testing of Tachometers. 

Herbert F. Storm—Electronics, Mar., 
1947-7. 20, pp.:92-96. 

Power with which to operate instru- 
ments at any one of 21 calibration speeds 
is obtained from a tuning-fork oscillator, 
electronic amplifiers, synchronous motors, 
and electromagnetic generators. 7 


CHEMICAL ANALYSIS, X-RAY 


Apparatus and Techniques for Practical Chemical 
Identification by X-ray Diffraction. 

Charles S. Smith and Richard L. Barrett 
—Jour. App. Physics, Feb., 1947; v. 18, 
pp. Liv-Lol. 


Charts for Computation of d-Values in X-ray Diffrac- 
tion Chemical Analysis. 

Orley E. Brown—Jour. App. Physics, 
Feb., 1947; v. 18, pp. 191-193. 


EDDY CURRENTS 


On the Theory of Eddy Currents in Ferromagnetic 
Materials. 


H. B. G. Casimir—Philips Res. Repts., 
Feb., 1947; v. 2, pp. 42-54. 


ELASTICITY 
Measurement of Elasticity in Fluids of Low Viscosity. 
John R. Van Wazer and Herbert Gold- 
berg—Jour. App. Physics, Feb., 1947; v. 
TSM pps comet. 

By means of an apparatus applying 
an. alternating shearing motion to a 
liquid, it was shown that fluids with a 


viscosity of around one poise have elastic 
properties. 
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ELECTRIC CONTROL SYSTEMS, SELF-SYNCHRO- 
NIZING 

Consider the Synchro and How It Could Solve Control 
Problems. 

Nils B. Michelson—FElec. Mfg., Mar., 
1947; v. 39, pp. 93-96, 166, etc. 

Likened to an electrical flexible shaft 
in its simplest application, the self-syn- 
chronous system may also be a part of a 
servo, a special transformer, or a radar 
component. 


ELECTRICAL MACHINERY—STABILITY CHARAC- 
TERISTICS ; 


Electrical-angle Measurement on Motor and Gener- 
ator Determines Load Limit. 
K. J. Granbois—Power, Mar., 1947; v. 
91, pp. 154-156. 

Pennsylvania Water & Power Co. 
studies electrical load angle between a 
35,000-kva hydro generator and the 
frequency-changer motor which it drives, 
to determine stability at different speeds. 


ELECTRICITY —CONDUCTION THROUGH GASES 
On the Excitation Temperature, the Gas Temperature, 
and the Electron Temperature in the High-pressure 
Mercury Discharge. 
W. Elenbaas—Philips Res. Repts., Feb., 
1947; v. 2, pp. 20-41. 

A theoretical paper, with list of 29 
references. 


ELECTRON DISCHARGE 


An Effect of Electron Bombardment Upon Carbon 
Black. 

John H. L. Watson—Jour. App. Physics, 
Feb., 1947; v. 18, pp. 153-161. 

A significant change is reported in 
mean particle size and shape characteris- 
tics of carbon black due to specimen con- 
tamination while under examination in 
electron microscopes. 


ELECTRON OPTICS—MICROSCOPES 
Electron Optical System of the Electron Microscope. 


M. E. Haine—Jour. Sct. Instr., Mar., 
1947; v. 24, pp. 61-66. 


Present Status and Future Possibilities of the Electron 
Microscope. 
James Hillier—RCA Rev., Mar., 1947; v. 
8, pp. 29-42. 

A brief and general description of the 
applications and accomplishmefits of the 
electron microscope. fi 


ELECTRON TUBES y 
Coaxial-line Diode Noise Sourée for U-H-F, 
Harwick Johnson—RCA_ Kev., 
1947; v. 8, pp. 169-185. 
Construction,and ‘use of a special tem- 
perature-limité diode as a molse source 
in receiver te§li.1g. 
Electron Tubes in World War Il. 
John E. Gorham—Inst. Radio Engrs. 
Proc., Mar., 1947; v. 35, pp. 295-301. 
The statés of electron-tube develop- 
ment at #1 > close of the war is indicated 
in broad ‘line. 


Mar., 


Maximurt icy of Reflex-klystron Oscillators. 
Ernest! ‘nder—Inst. Radio Engrs. 
Proc., (47: v. 85, pp. 241-248. 
Theti § reflex-klystron oscillators 
is given it. vil. It includes a discussion 


of relations a loaded oscillator. 
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GAS TURBINES 

Contribution to the Solution of the Gas-turbine Prob- 
lem. 

A. J. R. Lysholm—Enegr., Mar. 21, 1947- 
v. 183, pp. 240-241. 


HEATING—REVERSED REFRIGERATING CYCLE 
Pumping Heat From the Ground. : 


Elec. South, Feb., 1947; v. 27, pp. 20-21, 
79-80. 
Union Electric Company is conductin 
extensive tests on a new type of heat- 
pump system designed to heat and cool 
average-size homes, using the ground as a 
source of heat. - 


INDUCTIVE INTERFERENCE 
Practical Aspects of Telephone Interference Arising 
From Power Systems. 
PB. Erost and E. F. H. Gould—/.z.E£., 
soe Pt. I, June, 1946; v. 98, pp. 255- 
274. 

A summary of investigations carried 
out in England between 1934 and 1944. 


INFRARED RAYS 


High-transmission Windows for Radiation of 3 to 14 
Microns Wavelength. 


Mark Hyman, Jr., and Bruce H. Billings . 


—Optical Soc. of Am. Jour., Feb., 1947, 
v. 37, pp. 113-118. 

Describes an attempt to improve the 
performance of silver-chloride windows. 
For use in studies involving infrared 
optics. 


Infrared Refractive Index and Dispersion of Evapo- 
rated Stibnite Films. 

Bruce H. Billings and Mark Hyman, Jr.— 
Optical Soc. of Am. Jour., Feb., 1947; v. 
37, pp. 119-121. 


INSULATION—TESTING 

Apparatus for the Study of the Rheological Properties 
of Dielectrics. 

W. Lethersich—Jour. Sct. Instr., Mar., 
1947; v. 24, pp. 66-71. 


JET PROPULSION 

British Prop-jet Progress. 

W. Nichols—Aero Digest, Feb., 1947; v. 
54, pp. 63-65, 139-141. 

Illustrated account of power plants and 
performance of several makes of British 
planes having combined gas turbine, jet, 
and propeller equipment. 


LENSES 
Metal Lenses for Radio; Latest Aids to Narrower 
Beaming. 
Wireless Wld., Mar., 1947; v. 53, pp. 
84-88. : 

An explanation of the metal ‘‘lens’’ for 
directional radio transmission: 


LIMITS 4 “i TOLERANCES 

Designer’s _ 1 > st in Standardized Cylindrical Fits. 
John Gailtard—Elec. Mfg., Mar., 1947; 
v. 39, pp. 102-106, 192, etc. 

It is to the designer's advantage to have 
available proposed reference tables of 
recommended fits in basic-hole and basic- 
shaft systems. 


MACHINE DESIGN 
Practical Design of Rubber Parts, 


Edward E. Blaurock— Mach. Design, 
Mar., 1947; v. 19, pp. 115-120. 
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MEASURING INSTRUMENTS 

Apparatus for the Determination of Small Changes in 

Density. 

R. W. Douglas and G. A. Jones—Jour. 

Sci. Instr., Mar., 1947; v. 24, pp. 72-75. 
For the measurement of changes in the 

density of glass by the flotation method. 


Balance for Wind-tunnel Tests. - 
A. B. Asch—Aero Digest, Feb., 1947; v. 
54, pp. 68-69, 134-135. 


Predetermined Counters. 
John J. Wild—Electronics, Mar., 1947; v. 
20, pp. 120-123. a 

Banks of ten-position switches permit 
setting electronic-counter decades to 
actuate a relay after any desired total 
count. Industrial uses include batching, 
counting, timing, controlling zipper- 
making machines, and automatic packag- 
ing of pills. : 


METAL CUTTING—GAS 
Powder Cutting of High Alloys. . 
D. H. Fleming, Jr.— Mat. & Methods, 


‘Feb., 1947; v. 25, pp. 73-76. 


Iron-rich powder is introduced into the 
oxygen stream of the cutting torch to 
make the flame pass through the refrac- 
tory oxides in the alloys. 


METALLOGRAPHY 
Determination of Austenite Grain Size in Cast Steels. 
M. F. Hawkes—-Iron Age, Mar. 18, 1947; 
v. 159, pp. 46-51. 

A description and evaluation of a num- 
ber of methods for rating grain size, in- 
cluding fracture, oxidation, normalizing, 


gradient quench, martensitic etch and the 
McQuaid-Ehn methods. 


PHOTO-ELECTRICITY 
Fatigue of Ag-Cs,, Ag-Cs Photoelectric Surfaces. 


§. Pakswer—Jour. App. Physics, Feb., 


1947; v. 18, pp. 203-206. 


PHOTOGRAPHY 

New One-step Photographic Process. 

Edwin H. Land—Optical Soc. of Am. 

Jour., Feb., 1947; vVas@ pipe Olomc. 
Describes a process which produces 

finished positive pictures, directly from 

the camera, in about one minute after 

the exposure. 


PHYSICS 

Physics in 1946. 

Philip Morrison—Jour. App. Physics, 
Feb., 1947, v. 18, pp. 1383-152. 

An illustrated review of progress. 
Special attention to problems involving 
electron acceleration, atomic power, iso- 
topes, etc. Bibliography of 27 entries. 


Physics Today—Engineering Tomorrow. 


C. G. Suits—Elec. Engng., Mar., 1947; 
v. 66, pp. 241-243. 

From an address before the National 
Electronics Conference. Based on the de- 
velopment of the magnetron. Me 


PLASTICS s- 


Fabricating of Cellulose Acetate. bina’ n 

R. G. O’Kane— Modern Pigsiics, Mar., 

1947: v. 24, pp. 138-143. 4° | 
Various machine operations that can be 

used in the working of cellulose acetate 


sf > 


sheets. 


Is Plastics’ Future Tied to Coal? 
Modern Plastics, Mar., 1947; v. 24, pp. 
89-93, 198. 

A study of the probable future supply 
of chemical raw materials for the produc- 
tion of plastics. 


‘Continued on next page) 
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RESONANT-REED 


~ FREQUENCY 


METERS 


THESE ADVANTAGES 


@ ACCURATE, because the tuned reed is a natural resonant 


indicator. 


@ DEPENDABLE, because permanent calibration is a natural 
characteristic of tuned reeds. : 


@ STURDY, because there are no delicate pivots, jewels or 


moving paris. 


aud these... 


EASY-TO-READ vibrating reed-tips 
form a clearly defined pattern. 


LITTLE MAINTENANCE is a result of 
simple, sturdy construction. 


LOW INPUT power is sufficient to 
actuate the reed comb. 


OPERATE IN ANY POSITION with- 
out affecting accuracy. 


NO WAVE FORM-ERRORS because 
resonance is a function of the driv- 
ing frequency only. 


INPUT VOLTAGE IS NOT CRITICAL 
since accuracy is independent of 
sunply voltage. 


UNAFFECTED BY EXTERNAL FIELDS 
as damping effect on natural reed 
frequencies is negligible. 


ORDINARY ROOM TEMPERATURE 
VARIATIONS HAVE LITTLE EFFECT 
on calibration. 


INDEPENDENT OF LOAD, POWER 
FACTOR OR PHASE SHIFTS on sup- 
ply circuit. 


APPLICABLE TO PULSATING OR 
INTERRUPTED DIRECT CURRENT as 
well as to alternating current 
supply circuits. 


= i i 
Frahm Frequency Meters in switchboard, miniature and portable types are 
available in various ranges between 15 and 500 cycles per second... 
Mcial requirements up to 1500 cps will be considered. Write today for 


illustrated Bulletin 1770-G. 


“FR Ah 


. operate ¢ a e same unique principle as Frahm 
except that reed vibration is pro- 
echanical contact instead of elec- 


Frequency Mete 
duced by direc 


trically. Available in stationary and portable types 
',,. for use on t@bines, generators, motors, blowers, 
centrifugal pump®,, diesel-electric installations, etc. 


Various ranges fx; 900 up to 100,000 rpm. 


Write for Bulletin | 1% 


”™ Resonant-Reed 


TACHOMETERS 


a= Ofttii 
EL RICAL & SCIENTIFIC INSTRUMENTS 


1316 RCH STREET e 


GENERAL &bROT: C REVIEW 


PHILADELPHIA 7, PENNA. 
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Offering complete insulation... 
current capacity of 30 amperes 

. working voltage of 1000 
volts; the new Superior Binding 
Post type DF30 meets the need 
for a multi-purpose electrical 
connector. 


1. Permanent clamping of wire up to #12 
through the center hole. 


2. Looping of wire around the center shaft 
and clamping. 


3. Plug-in of standard 34” banana plug. 


4. Clip-lead by removing the hexagonal 
shaped phenolic head. 


5. Spade lug connection. 


DESCRIPTIVE LITERATURE ON REQUEST 


NEW 
| Engineering 
DATA 
BOOK 


. Bulletin 547 complete 


Just released . . 
with ratings, detail drawings, performance 


and engineering data on POWERSTAT 
variable transformers and STABILINE Volt- 
age Regulators. Get your copy. 


The SUPERIOR ELECTRIC Co. 


1027 LAUREL STREET 
BRISTOL, CONN. 


LIBRARY SECTION (continued) 
RADAR’ TESTING 


Test Equipment and Techniques for Airborne-radar 
Field Maintenance. 


E. A. Blasi and Gerald C. Schutz—Tnst. 
Radio Engrs. Proc., Mar., 1947; v. 35, pp. 
310-320. 

Covers the various testing methods, 
techniques, and equipment that are used 
for the field maintenance of airborne- 
radar systems. 


RADIO COMMUNICATION 

How Two-way Radio Is Adapted to Vehicles. 

Wesley: ©. Baylis—Soc. = Auto: “Eners. 

Jour., Mar., 1947; v. 55, ‘pp. 43-47. 
Excerpts from an S.A.E. paper on auto- 

mobile radio receivers and reception. 


RADIO ENGINEERING 
Acoustical Design of Broadcast Studios. 


Joel Peterson—Tele-Tech, Mar., 1947; v. 
6, pp. 52-55, 127. | 

Modern surface treatments that elim- 
inate wallowing, echoes, and other objec- 
tionable features, and give brightness and 
liveness to the studio. 


Duoband Receiving Antenna for FM-TV. 


James Robert Marshall and Robert 
Wakeman—Tele-Tech., Mar., 1947; v. 6, 


pp. 58-62. 


Design of efficient reception equip- 
ment, relatively insensitive to interfer- 
ence, adaptable to TV frequencies, with 
low-standing wave ratio. 


Graphical Analysis of Cathode-biased Degenerative 
Amplifiers. 

Wilham A. Huber—Inst. Radio Engrs. 
Proc., Mar., 1947; v. 35, pp. 265-269. 


Noise Spectrum of Crystal Rectifiers. 


Pi’ Hie Miller |r: lsc sRadvo siers. 
Proc., Mar., 1947; v. 35, pp. 252-256. 


Oscillator Tracking Methods in Permeability Tuning. 
Harry “EE... Pairman— Wele-Wech..  Niar:, 
1947; v. 6, pp. 48-51. 

Practical advantages of the system and 
a consideration of design problems in- 
volved in electrical and mechanical 
arrangement of parts. 


Planning and Constructing a I-kw Studio-transmitter 

Building. ; 

Hobart G. Stephenson, Jr.—Communica- 

tions, Feb., 1947; v. 27, pp. 9-11, 42-48, 51. 
Layout and constructional features of 

the building. 


Pulse-modulated Oscillator. 
Allan Easton—Electronics, Mar., 
v. 20, pp. 124-129. 

Method and circuits are presénted for 
pulsing a high-frequency osaillator so that 
all waves are of the same ampzitude. 
Pulse. rate is variable oyer wide limits 
independently of oscillate frequency, 


Relative Amplitude of Side Frequencies in On-off and 
Frequency-shift Telegraph Keying. — 
Gilbert S. Wickigzer—RCA Rev., Mar., 


1947; 


1947; v. 8, pp. 168-168. 

Results of “an investigation of side- 
frequency amplitudes in ralio-telegraph 
transmission. © 4 


Some Consideratiofts Governing Noise Measurements 
on Crystal Mixers. | be. 
Shepard @Roberts—Imsti* : Rudi0 yi 778p 
Proc., Mar., 1947; ‘v. 35, Ppseol “ZEN, 
The general principles of arelysis and 
measurement of noisein rach \.rerelVv 8s. 
Specificatioh and Measurement of Receive, Sensitivity 
at the Higher Frequencies. _ it Re 
Joseph M. Pettit—Insi. Radio Engrs. 
Proc., Mar., 1947; v. 35, po. 8@R;306. 


GENERAL ELECTRIC .REVIEW ” 


REFRIGERATING ENGINEERING 
Condensation of Freon-12 With Finned Tubes, 


Donald “L. ‘Katz and othere= 
Engng., Mar., 1947; v. 53, pp. aioe © 

‘The purpose of this work was to deter- 
mine experimentally heat-transfer co- 
efficients which would serve as the basis 
for predicting the size of condensers for 
Freon-12 vapors. Serial. 


ROCKETS 

Guide-beam Control Technic for V-2 Rockets. 

G. Hausz—Tele-Tech., Mar., 1947; v. 6 

pp. 76-80. | 
Basic principles and engineering details 

of radio equipment permitting accuracy 

within tens of yards at 100-mile ranges. 


SCREENS, PICTURE 


Light Emission From Fluorescent Screens Irradiated by 
X-rays. 

H. A. Klasens—Philtps Res. Repts., Feb., 
1947; v. 2, pp. 68-78. 

Applying Schuster’s theory as extended 
by. Elamaker for: the .scattering: and 
absorption of light, general equations are 
deduced for the amount of light emitted 
by fluorescent screens, irradiated by 
X-rays. 


SPARK DISCHARGES 


Minimum Sparking Potentials of Barium, Magnesium, - 


and Aluminum in Argon. 

Harold Jacobs and Armand P. LaRocque 
—Jour. App. Physics, Feb., 1947; v. 18, 
pp. 199-203. 


SPECTRUM ANALYSIS 


Hollow Cathode Source Applicable to Spectrographic 
Ancelysis for the Halogens and Gases. 

J. Rand McNally, Jr., and others—Op- 
tical Soc. of Am. Jour.; Feb; 1947; -v. 
37, pp. 93-98. 


STEAM TURBINES 
Effect of Centrifugal Force in Axial-flow Turbines. 


ibe Pochobradsky—Enegeng., ii Mar. <<21, 
1947; v. 163, pp. 205-207. 


STRAINS .AND STRESSES 
On Creep and Relaxation. 


B:. Gross—Jour. App. Phystcs, 
1947; v. 18, pp. 212-221. 

Theoretical and mathematical analysis 
of creep and relaxation phenomena as 
abstract concepts in the study of stress- 
strain relations. 


On the So-called Principle of Least Work Method. 


M. Z. Krzywoblocki—Franklin Inst. 
Jour., Mar., 1947; v. 248, pp. 187-204. 

A study of Castigliano’s theorem of 
least work as applied in the calculation 
of stresses in thin-walled structures. 


STRENGTH OF MATERIALS 


Effect of Hydrostatic Pressure on the Fracture of Brittle 
Substances. 


P. W. Bridgman—Jour. App. Physics, 
Heb., 1947; v. 18, pp. 246-258. 

Aja arrangement is described permitting 
the fracture of brittle materials under the 
action of tensile stress superposed on 
hydrostatic, pressure. Includes results of 
cOmpcessive and tensile tests on a number 
of substances. 

TELEA{ETERS AND TELEMETRY 

Telermetering From V-2 Rockets, 

V. L. Heeren and others—Electronics, 
Mar., 1947; v. 20, pp. 100-105. 

Yime-modulated pulse system in nose 
of rocket samples successively up to 23 
instruments and transmits readings to 


Feb., 


round station over 1000-mc radio link 


using 2C43 disk-seal tube as oscillator. 
Airborne Circuits are treated in Part I; 
Part Ii covers ground circuits. 
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"TELEVISION 


RTPB Investigates TV Sound Systems for Color. 
Tele-Tech, Mar., 1947; v. 6, pp. 63-65, 
140-141. 

Television Deflection Circuits. 

A. W. Friend—RCA Rev., Mar., 1947; v. 
8, pp. 98-138. 

’On the construction and performance 
of a new type of transformer for electron- 
beam deflection in television kinescopes. 
Molded iron-dust cores and yokes are 
used. Also considers associated circuits 
and power-supply system. 


Television High-voltage R-F Supplies. 
Robert S. Mautner and O. H. Schade— 
RCA Rev., Mar., 1947; v. 8, pp. 43-81. 
Constructional features of two typical 
units are shown and their performance is 
‘llustrated by curves indicating the mag- 
nitudes of current and voltage obtained 
under typical operating conditions. 


Television Receivers. 
Antony Wright—RCA Rev., Mar., 1947; 
vy. 8, pp. 5-28. 

Several models are described, followed 
by a statement of design policy and a de- 
tailed discussion of various components. 


UHF Television Relay System. 
Wilson Boothroyd—Electronics, 
1947; v. 20, pp. 86-91. 

Wideband frequency-modulation equip- 


Mar., 


ment operating on 1350 mc handles. 


black-and-white video signals. Equip- 
ment is equally useful for intercity mul- 
tiple-link or studio-to-transmitter work. 


The Pocket Ear. | 
J. L. Hathaway and William Hotine— 
RCA Rev., Mar., 1947; v. 8, pp. 139-146. 
A pocket-type radio receiver, with 
flexible tube to conduct sound to the ear, 
for the use of television stage directors 
and others who must maintain contact 
with those in a control booth, and yet not 
sacrifice freedom of movement. 


TRANSFORMERS—CONNECTIONS AND CIRCUITS 


Useful Transformer Connections for Powering Indus- 
trial Machinery. 

HM. K... Pritchard—Prod. Engng., Mar., 
1947; v. 18, pp. 103-108. 

Different ways of connecting dry-type 
two-winding and single-winding trans- 
formers commonly used for industrial 
machinery. 


WELDING 

Weldmenis. 

Edwin Laird Cady—Mat. & Methods, 
Feb., 1947; v. 25, pp. 101-116. 

The many considerations which must 
be taken into account when weldments 
are: to be used. Also included are 
several interesting examples of the in- 
telligent application of weldments. 


WELDING, PRESSURE 


Oxyacetylene Pressure Welding as It Affects Desig eh. 


R. A. Kubli—Prod. Engng., Mar., 1947; 


.v. 18, pp. 117-121. 


_ Data covering the metals that can be 
pressure welded, details of joint cons! iic- 
tion, and other design information. ° 


X-RAYS | | 
High-intensity Source of Long-wavelength X-rays. 
T. H. Rogers—Imst. Radio Proc, Mar.; 
1947; v. 35, pp. 286-241. or 

The design of an x-ray tube which com. 
bines high input energy, the 
transparency of beryllium, and 
proximity to the target, to make available 
radiation intensities of several mullion 
roentgens per minute. 
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FLUCTUATING LINE VOLTAGES 
held to within TT 4 


: 0.1 Volts 


OUTPUT VARIATION JN VOLTS 


NS 
INPUT VOLTS 


estan a Electrouce 
VOLTAGE REGULATOR 


With a STABILINE type IE Voltage Regulator in the power 

line, electrical apparatus is assured of constant voltage. 

Regardless of line changes — rapid fluctuations or slow 

variations — the delivered voltage is held to within + 0.1 

volts of the preset value. Typical are the performance curves 

of type IE5101. Although the input line voltage may vary 

from 95 to 135 volts, the preset output voltage is stabilized — 
to well within = 0.1 volts. 


Ffactuating line voltage is just one problem of many in 
maintaining constant voltage. Others are varying frequen- 
cies, loads, power factors together with waveform distortion. 
“An investigation of the STABILINE type IE will show, in 
addition to stabilization of = 0.1 volts, such characteristics as 
... waveform distortion never exceeding 3 percent . .. regu- 
lation to within’+ 0.15 volts. for any load current change 
or load power factor change from lagging .5 to leading .2. 


Write Superior Electric, 1027 Laurel Street, 
For ‘Information and Literature 


UPERIOR ELECTRI 
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BOILER-FEED PUMPS | 
for the Exacting Engi 


RT: 4 to 8 stages; pressures to 1200 
lb, capacities to 2000 gal per min. 


st VHT-VHTA: 4 to 
30 stages; pres- 
sures to 1500 Ib, 
capacities to 350 


MRVH: 4-stage Mo- 
torpump, pressures to : 
260 Ib, capacities to 75 &4! per mun. 
gal per min. 


MRV: 2-stage Motorpump, 
pressuces-up to 200 Ib, capac- 
ities to 275 gal per min. 


H... is a. line of feedwater pumps that satisfies, yes, 
even exceeds, the specifications of the most exacting boiler 
plant engineer. That’s because there’s a lot of clear think- 
ing, a superb research organization, and 75 years 
experience behind the Ingersoll-Rand Cameron line of 
boiler-feed pumps. 
© res 10 450 Ib ea. There is a pump in this line-up for any plant from the 
pacities to 2200 gal smallest to those big, high-pressure jobs that make the 
" per min, headlines. Regardless of size and duty, they are all built 
with the same exacting care that has made the trademark, 
I-R, a symbol of confidence in the field of hydraulics. 
Call ‘your nearest I-R engineer for literature or con- 
. sultation. There’s no obligation—just the desire to help 
= ay you get the best in performance and long service. 


ey GT: 2 stages; pres- 


CHT: 6 to 8 stages; pressures to 3000 
Ib, capacities to 2500 gal per min. 


CNT: 4 to 8 
HT: 4 to 9 stages; pressures to 1600 stages; pressures Bs 
lb, capacities to 1500 gal per min. to 800 Ib, capaci- SRO Se VE 

7 ties to 700 gal per 
min. 


COMPRESSORS « AIR TOOLS © ROCK DRILLS’ 
TURBO BLOWERS * CONDENSERS é 
CENTRIFUGAL PUMPS ¢ OIL AND GAS ENGINES 


ie 
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Already design engineers have utilized the SB-1 for over 
10,000 circuit-sequence combinations on low-capacity circuits 
up to 20 amperes at 600 volts a-c or d-c. 


A few of the many applications include control swifching of 
machine tools, solenoids, motors, circuit breakers, and electronic 
apparatus; and the transfer switching of meters and instruments. 


There’s a standard SB-1 for most jobs. If a standard can't 
satisfy, specials up to 100 stages can be made from standard 
cams, contacts, and fingers of the basic design. 


It’s easy to select and order the SB-1 to fif your particular 
applications.... 


WRITE YOUR OWN TICKET... 


HANDLES A variety of attractive switch handles in fixed pistol 
grip, oval, radial, round, and knobbed styles as well as remov- 
able handles and key locks are available. Choose the handle 
you desire and specify the engraving on the escutcheon plate. 


HOUSINGS SB-1 switches are available with watertight, dust- 
tight, oil-immersed, fabricated-metal, or explosion-proof hous- 
ings. Select the one that fits your installation problem.: 


CONTACTS ‘Determine the contact sequence from , vur circuit 
and check them off on a:contec: diagram. (See ecample at 
right.) : 

Your G-E sales representative will be gla to assist you in 
the selection of an SB-} switch fo solve your farticular circuit- 
sequence problem. Also, ask him for @ copy. of GEAt4746 


which gives additional in‘ormation ¢0ut the all-purpose” SB-1, 
or write to Apparatus Department, <cnera electric ~ompany, — 


GENERAL @ ELECTRIC 


Schenectady 5, N. Y. 


WHATEVER-::-Your 


cIRCUIT-SEQUENCE 
cOMBINATIONS 


Approximately 
one-half actual 
size. 


THE ALL-PURPOSE 


SB-1 SWITCH 


WILL DO THE JOB 


TRANSFER CIRCUIT 


POWER SOURCE 
TRANSFER CIRCUIT 


Eight SB-1’s, each using this transfer circuit, are used for con- 
trolling the floodlights at Yankee Stadium for night baseball. 


This contact diagram provided an easy way to specify the exact 
circuit-sequence combination needed for the application. 


856-4 


